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Barrows,  H.  P.,  bulletin  on  ''Judging  horses  as  a  subject  of 

instruction  in  secondary  schools " 487  1  30 

Beans,  string,  injury  by  melon  fly.  Hawaii 491  14 

Beaver  Creek  Nursery,  Utah,  practices 479  49, 09, 73 

Beehives,  types  and  arrangement,  North  ('arolina 489  2  3 

Beekeepers,  North  Carolina,  needs 489  l« 

Beekeeping — 

literature,  need  in  North  Carolina 489  9 

North  Carolina,  survev.  bulletin  by  E.  G.  Carr 489  1  -  Hi 

profits .' 489  9 

Beers — 

American,  analyses 493  ^-6, 12, 15, 19-22 

foreign,  low  protein  content 493  17 

study,  (American  ales  and  beers)  bulletin  by  L.  M.  Tol- 

man  and  J.  Garfield  Riley 493  1-23 

Bees- 
folklore 489  10 

queen,  rearing,  apiaries,  and  practice,  note 489  »» 

races  in  North  Carolina 489  3 

"  robbing "  practices  in  North  Can)lina 489  6, 10 

wintering  practices 489  5-6 

Beeswax — 

prices  in  North  Carolina 489  8 

•   production,  practices  in  North  Carolina 489  7 

Belgium,  fruits,  production,  exports  and  imports 483  17-18 

Bbrglund,  J.  P.,  originator  of  Humpback  wheat,  note 478  1 

Bessey  Nursery,   Nebraska,  irrigation  and  other  practices,  (2.      35-37,  41. 

capacity,  etc 479{46,   49,    55,   61, 

1  67,71,85 

Biblio^phy,  melon  fly 491  57-64 

Birds,  injury  to  nursery  stock,  control 479  76 

**  Bishoping,"  teeth  of  horses,  practices  and  detection 487  25 

Black  jack — 

form  of  western  yellow  pine 490  5 

Santa  Fe  National  forest,  occurrence  of  western  red-rot, 

data 490  5-7 

Blindness,  horse,  detection 487  26-27 

Blood  powder,  use  as  fertilizer 479  81 

Bluegrass  region — 

agricultural  enterprise.*^,  1840-1910 482  6 

crop  yields,  1913 482  12-13 

description  and  industries 482  3-5 

farming,  bulletin  by  J.  H.  Arnold 482  1-29 

field  crops,  production,  1840-1910,  bv  decades 482  6 

live  stock  production,  1840-1910,  by  decades 482  fi 

soil,  climate  and  farm  practices.  . .  .* 482  7-11 

Boards,  transplant,  description  and  use 479  54-56 

Bone  meal,  use  as  fertilizer  in  forest  nur.-^eries 479  82 

Boulder  nursery,  Montana,  practices,  shading  irrigation 479|'  \U  Ik  «q  7~'  J.^ 

Brazil,  fruits,  exports  and  imports 483  13 

Bread,   humpback  wheat,   characteristics,   comparison   vsath 

breads  from  other  wheats 478  3-4 

Brigqs,  Lyman  J.,  C.  A.  Jense.v,  and  J.  W.  M(  Lane,  bulle- 
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ture and  its  bearing  on  the  control  of  mottle-leaf" 4^9         ,  1-31 
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Brown-tail  moth,  9olid-6tream  spraying  against,  in  New  Eng- 
land, bulletin  by  L.  H.  Worthlev 480 
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cost  per  acre 
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<  itrus— 

culture,  mulched-babin  syetem  of  irrigation  and  its  bear-  Bulletin 

ing  on  control  of  mottle-leaf,  bulletin  by  Lyman  J,  No.  Pagt. 

BnggB,  C.  A.  Jensen  and  J.  W.  McLane 499  1-31 

fruits,  crop  of  190& 483  2, 4 

orchards — 

cultural  practices  in  California 499  3-4 

moisture  retention  under  mulched-basin  system  and 

cover-crop  system 499  8-15 

trees,  organic  mulching,  practices 499  4-  6 

Clement,  G.  E.,  and  Wilub  Munro,  bulletin  on  'Control  of 

the  gipsy  moth  by  forest  management " 484  1-54 

Clovers,  honey  plants,  value 489  11-12 

Coal,  heating  value,  comparison  with  different  woods 481  36-37 

Codline  moth,  control  by  banding,  practices  in  Colorado  apple 

districts 500  27 

Cold  stor^,  control  of  melon  fly,  experiments 491  49-51 

Colletotrichum  falcatum,  cau?e  of  red-rot  in  sugar  cane 486  32 

Colorado — 

apple  districts,  topography,  soils,  climate,  etc 500  5-  7 

apple  growing,  production  and  varieties 485      7, 33-34, 45-47 

[35,37,41,43, 

■44  49  51  60 

forest  nursery,  practices 479    ^ go'  63*  65*  B6 

[  69,  71, 73,  85 

strawberry  shipments  in  1915,  mi^nitude 477  28 

we^em,  cost  of  producing  apples,  bulletin  bv  S.  M. 

Thomson  and  G.  H.  Miller \ 500  1-44 

Compost,  formula  for  making,  and  value  for  nurperie-' 479  80 

Connecticut — 

.  apple  growinj^,  production  and  varieties 485  7, 1 5, 45-^7 

strawberry  shipments  in  1915,  magnitude  and  destination.  477  21-25,  28 

Converse  Flats  Nursery,   Calif.,  practices,  shading,  mulch-\  ^«q  /     35, 37, 43,  44, 

ing /  *^^  \49, 56,  63,  69,  75 

Cooperative  associations,  marketing  and  handling  strawber- 
ries, functions  and  methods '  477  3-8 

Corn- 
feeding  to  hog:^  on  alfalfa  pasture,  returns  for  variou.s 

amountR,  experiments 488  46,  1 9 

growing,  labor^and  power  units  required .  482  10-1 1 

hogging-down,  experiments 488  19-24 

marieting  by  hog^^ing-down 488  18-24 

.production  in  bluegrasH  region,  1840-1910,  by  decades —  482  6 

value  in  pork  production  per  hundred  pounds 488  10 

Coronets,  horpe  dieeaFe,  nature  and  detection 487  27—28 

Costa  Rica,  banana  industry 483  9 

Cotton — 

cost  of  production,  Sumter  County,  Ga 492  56-64 

growing —  , 

area  per  mule 492  51 

profits,  relation  of  size  of  farm  and  yields,  Sumter 

County,  Ga 492  54-55 

market  conditions  in  North  Carolina,  study  with  a  view  to 
their  improvement,  bulletin  by  O.  J.  McConnell  and 

W.  R.  Camp 476  1-19 

North  Carolina — 

Costal  Plains  and  Piedmont  r^ions,  comparison. . .  476  ^~^,  9—16 

grades,  length  of  staple,  etc 476  2-5 

prices — 

at  North  Carolina  markets 476  7-9 

for  classed  and  unclassed,  North  Carolina  markets 476  9-16 

Cottonwood  Nursery,  Utah,  practice s  shading,  etc 479       P^*  ^^z  **?'  '^^' 

Cover  crops,  apple  orchards  in  western  Colorado,  practices. . .  500  '  22 

Cowpeas,  injury  by  melon  fly,  Hawaii 491  x  "J 
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milch,   production  in  bluegras?  region,    1840-19 1(T,    by  No.  Fage 

decades 482  6 

raising,  labor  and  power  units  required 482  10 

Cracklings,  poisoned,  lor  rodent**,  preparation,  direcrtioas 479  77 

Oates,  strawberry,  types,  descriptions* 477  10 

Oreosotin^,  uses  and  value  in  control  of  gipi»y  moth 484              •  49 

Crete,  fruit**,  exports  and  imports 483  30 

Crop — 

arei,  distribution,  rdation  of  tenure,  Sumter  County,  Ga.  492  24-27 

"  index,'*  use  of  term 482  9 

>neld,  relation  of  tenure,  Sumter  County,  Ga 492  33-35 

Crops — 

bluegiasp  region — 

enterpri-es,  1840-1910 482  6 

yields  for  1913,  with  comparisons 482  12-13 

dry-Land,  experiments  with  spring  cereals  at  Moro  sub- 
station, Or^ 498  14-36 

irrigated,  use  of  hogs  for  disposal,  experiments,  bulletin 

by  James  A.  Holden 488  1-27 

Sumter  County,  Ga.,  kinds,  area,  distribution  and  rota- 
tions    492  24-27 

<'uba,  fruits^roduction  and  exports 483  11 

Cacumber,  Cnine?e.    See  Marrow. 

<^umber0,  injiuy  by  melon  fly,  Hawaii 491  1 1-13 

Cucurbits — 

Hawaii,  injurv  from  melon  fly i 491  8-12 

injury  by  melon  fly,  Hawaii 491  7-13 

Curing — ' 

lemons,  humidifier  for  curing  rooms,  construction  and 

operation 494  4-9 

rooms — 

lemon,  construction 494  1-2 

lemon,  humidifier  for,  bulletin  by  A.  D.  Shamel 494  1-11 

'Currant "  grape,  origin  and  u«e  of  term 483  29 

<  at  worms,  habits  and  control  in  nurseries 479  73-74 

T>acinae,  distribution 491  2 

Damping-ofT,  disease  of  forest  seedlings,  de^ription  and  con- 
trol   479  68-71 

Debwire — 

apple  growing,  extent  and  varieties 485               24, 45-47 

strawberry  shipments  in  1915,  magnitude  and  destination.  477               21-26, 28 

I>enmark,  fruits,  impOTts  and  exports 483  19 

/>M{ntfa  «accAaraiu,  injury  to  sugar  cane 486  31 

Dibble,  use  in  transplanting  fore^  seedlings 479  57 

Dr»ea«e,  fungous,  injurious  to  melon  fly 491  47 

Diseases,  bee,  occurrence  in  North  Carolina 489  4-5 

"Diversity  index,**  u«»e  of  term 482  9 

DaoK,  H.  M.,  and  H.  W.  Hawthorne,  bulletin  on  "An  eco- 
nomic study  of  feurming  in  Sumter  County,  Ga.'* 492  1-64 

Dominican  Riepublic,  fruits,  exports 483  11 

Dried  fnrits,  amount  and  value,  1909 483  6 

DroQi^t,  summer,  injury  to  forest  nursery  stock,  remedy 479  7 1  -72 

Dry-fanning — 

spring  cereals,  experiments  at  Eastern  Or^n  Dry-farm- 
ing Substation  at  Moro,  bulletin  by  David  E.  Stephens.  496  1-38 
substation,  establishment  at  Moro,  Or^.,  soil,  climate, 

etc 498  1-11 

Dwelling,  farm,  percentage  of  investment,  Sumter  County, 

Ga 492  36-37 

Education,  jucteing  horses  as  a  subject  of  instruction  in  sec- 
ondary schoolfl,  bulletin  by  H.  P.  Barrows 487  1-30 

EflgP^t,  injury  by  melon  fiy,  Hawaii 491  15 

Eaimer,  spring,  growing  at  Moro,  eastern  Oregon,  experiment*.  498  35-36 
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MiiTiir-caiie  t(»]>s,  unaly^i?^  and  value 480  43-44 

Sre  otso  Silatro. 

Eunjpe,  fruits,  production,  import^  and  exports.  In- countries'.  483  l()-:^7 

Exldia  (/Innflulosa,  caut^e  of  i^lash  rot ,  Arkansas 496  4 

Experiments  station,  drv-farmine:.  establishment  of  substa- 
tion at  Moro.  Ores...  ■ 49S  1-2 

Exports,  fruits.  1910,  1915 483  7 

Farm — 

area.  Sumter  County,  Ga.,  utilization,  studies 492  7-1 0 

contribution  to  family  living.  Geon2:ia 492  1 0 

' '  enterprise. ' '  xise  of  term 4S2  9 

enterprises — 

cost  and  value  on  various  types  of  farms,  l)luegrass  re- 

j^ion 482  25-27 

labor  and  power  units  required  in  bluegrass  region. . .  482  10-1 1 

expenses,  distribution,  relation  of  tenure,  Sumter  Countv, 

Ga *  .  492  29-31 

labor.     See  T^abor. 

lands,  eastern  United    States,  changes  in  woodlot  areas 

since  1880 481  8-23 

organization,  Colorado  apple  districts 500  8-1 2 

profits,  relation  of  tenure  and  cajutal,  Sumter  Countv, 

Ga \,  492  23-24 

receipts,  distribution,  relation  of  tenure,  Sumter  ('ountv, 

Ga '. .  492  27-29,  31-32 

size — 

relation  to  capital,  profits,  >ields,  labor,  etc.,  Sumter 

County,  Ga ' 492  35-51 

relation  to  enterprise,  capital  and  income,  bluegrass 

region 482  15-18 

relation  to  labor,  power,  and  machinery,  bluegrass  re- 
gion   482  17 

tenure,  Sumter  County,  Ga.,  practices  and  ty})es 492  10-35^ 

woodlots,  status  and  value  in  eastern  TTnited  States,  bul- 
letin by  E.  IF.  Frothingham 481  1-44 

Farmings 

bluegrass  region,  bulletin  by  J.  H.  Arnold 482  1-29 

diversified,  Sumter  County,  Ga 492  52-54 

diversity,  relation  to  profits 482  24-25- 

Georgia,  Sumter  County,  economic  study,  bulletin  bv  H. 

M.  Dixonand  II.  W.  Hawthorne ' '....  492  l-«i4 

growth,  effect  on  woodlots,  changes  in  areas,  etc 481  3-2if 

profitable,  prime  factors 482  27-29 

tenure  by  white  and  colored  operators,  Sumter  County, 

Ga.,  comparisons *. .  492  IO-fi4 

terms,  use 192  7 

Farms — 

Colorado  anple  district,  size,  in vestmentfl 500  8-1 1 

honey  production,  bee  colonies,  etc 489  1 

Fertilizer,  cost  per  farm,  Sumter  County,  Ga 492  40,  47 

Fertilizers  — 

forest    nurseries,  choice,  application,  etc t79  79-8(5 

rich,  injury  to  forest  nurseries 179  85-Sf> 

sugar-cane  growing,  requirements  and  application 486  11-15 

Fig,  injurv  by  melon  ny,  Hawaii 491  1 6 

Finance,  farm,  capital,  receipts,  profits,  etc.,  Sumter  Countv,  (     15-24,  27-32, 

Ga 492  \     35^0,  45-47, 

1      51-54,50-64 

Fires,  forest,  relation  of  slash  and  litter,  discussion 496  1  -2" 

Firewood,  woodlot,  amount  and  value 481     24,  25-26,  35-37 

Firs,  western,  timber  tests 497  15 

Florida,  strawberry  shipments  in  1915,  magnitude  and  desti- 
nation   477  2tJ 
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Mediterranean  fruit,  ravages  in  Hawaii 

melon — 

control,  natural  and  artificial 

economic  importance  in  Hawaii 

in  Hawaii,  bulletin  by  E.  A.  Back  and  C.  £.  Pember- 

ton L 

life  history,  habits,  life  cycle,  eeaaonal  history,  and 

spread  /. 

literature  and  bibliography 

Folklore,  bees,  note 

Fomes  spp,  cause  of  slash  rot,  Arkansas 

Food,  farm  family,  amount  contributed  bv  farm,  Georgia 

Forest- 
Arkansas  National,  slash  rotting,  in vesti^tions 

Ozark  National,  slash  rotting,  investigations 

Sante  Fe  National,  occurrence  of  \\estem  red-rot  in  yellow 

pine  and  black  jack,  data 

seedlings,    requirements   for   reforestation   on    National 

forests 

Forests- 
community,  value  in  United  States  and  foreign  coun- 
tries  

injuries  by  gipsy  moth,  and  control  studies  and  experi- 
ments   / 

management  for  control  of  Gipey  moth,  bulletin  by  G.  E. 

Clement  and  Willis  Munro 

National,  nursery  practice,  bulletin  by  0.  R.  Tillotson... 

nmsery  operations,  costs 

fUsh  and  litter,  relation  to  fires 

Fort  l^ayard  Nursery,  New  Mexico,  practices,  shading 


Foulbrood,  American,  occurrence  in  North  Carolina 

Founder,  horse,  symptoms,  effect  on  feet 

Flames,  seed-bed,  descriptidn 

FjMire,  fruits,  production,  imports  and  exports 

Freight  rates,  cotton.  North  ('arolina 

Frosts— 

injury  to  nurserv  stock,  prevention 
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Frqthinqham.  E.  H.,  bulletin  on  "The  status  and  value  of 
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covering  for  protection  from  melon  fly 
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free,  injury  by  melon  fly,  Hawaii 

tropical  and  subtropical*  crop  of  1909 

Foel— 

farm  consumption,  in  eight  States 

heating  value  of  wood,  comparison  with  coal 
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Gallberry,  honey  plant,  value  and  occurrence  in  North  Caro-  No.  Page. 

lina 489  12 

Oallinaa    Nursery,    N.    Mex.,    practices,   mulching,    trans- 
planting, etc 479  43, 49, 62, 63 

Garden  City  Nursery,  Kans.,  practices  seeding,  irrigation,  /       og  41  43  oq 

G^- "'"l  '  «2.75.85 

apple  growing,  extent  and  varieties 485  27, 45-47 

farming  in  Sumter  County,  economic  study,  bulletin  by 

H.  M.  Dixon  and  H.  W.  Hawthorne 492  1  64 

strawberry  shipments  in  1915 477  28 

Sumter  Ciounty,  history,  area,  soils,  shipping  facilities, 

etc 492  3-6 

Germany,  fruits,  production,  imports  and  exports 483  22-23 

Germination,  tests,  forest  tree  seeds,  and  metnods  to  hasten. .  479  19, 35 

Gilbert,  J.  C.,  and  O.  W.  Schlbussner,  bulletin  on  **Mar- 

keting  and  distribution  of  strawberries  in  1915 " 477  1-32 

Gipsy  moth — 

control  bv  forest  management,  bulletin  by  G.  E.  Clement 

and  Willis  Munro 484  1-54 

introduction  and  history 484  1-2 

solid -stream  spraying  against  in  New  England,  bulletin 

by  L.  H.  Worthley 480  1-16 

Gophers,  control  by  traps  and  poison  baits 479  77, 78-79 

Gould,  H.  P.,  and  Frank  Andrews,  bulletin  on  "Apples: 
Production  estimates  and  important  commercial  districts 

and  varieties" 485  1-48 

Grain— 

feed  for  hogs  on  alfal&i  pasture,  management  and  returns  488  4-19 

standardization,  administration,  note 478  1 

Grapes — 

Al^ria,  acreage  and  production,  1909-1913 483  38 

Chile,  acreage  and  production 483  12-13 

currant,  industry  in  Greece 483  29 

France,  acreage  and  production 483  20 

Germany,  acreage  and  production,  1909-1913 483  22 

Italy,  acreage  and  production,  1910-1915 483  25 

production,  1909 483  2,  5 

production.  United  States  and  Canada 483  5 

Roumania,  acreage  and  production * 483  31 

Russia,  acreage  and  production,  1910 483  27 

Spain,  acreage  and  production,  1909-1915 483  32-^33 

Uruguay,  acreage  and  production •. 483  15 

Grasshoppers,  control  in  forest  nurseries 479  75 

Gray-rot.    See  Red-rot,  western. 

Greece,  fruits,  production,  exports  and  imports 483  29 

Green  manures,  forest  nurseries 479  83 

Grubs,  white,  injuries  to  nursery  stock,  and  control  methods..  479  74-75 

Guatemala,  banana  industry ■  483  9 

Gum  trees,  honey  plants,  value  and  occurrence  in  North  Caro- 
lina    489  12 

Haiti,  orange-peel  industry,  exports 483  12 

Harvesting — 

apples,  western  (Colorado 500  34-39 

sugar  cane,  practices 486  24-26 

Hauling,  apples,  orcharding  in  Colorado 500  17, 34-36 

Hawaii^— 

fruit  trade  with  United  States,  1910,  1915 483  7 

fruits — 

exports 483  40 

production 483  40 

melon  fly — 

in,  bulletin  by  E.  A.  Back  and  C.  E.  Pemberton 491  1-64 

introduction  and  early  history 491  4-5,55 

Hawthorne,  H.  W.,  and  H.  M.  Dixon,   bulletin  on  **An 

economic  study  of  farming  in  Sumter  County,  Gra.  '* 492  1-64 
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Hay—  Bulletin 

albdfa,  market  value,  comparison  with  returns  from  alfalfa  No.  Page. 

pasture ^ 488  6 

growing^  labor  and  power  imits  required 482  10 

production  in  bluegrass  region,  1840-1910,  by  decades. . .  482  6 
Heart-rot.    See  Red-rot,  western. 

Heaves,  horse,  detection 487  28 

Hemlock,  western,  timber  tests 497  1 6 

Hemp,  production  in  blu^^ass  region,  1840-1910,  by  decades .  482  6 

Hivei5,  bee,  types  and  arrangement.  North  Carolina 489  2-  3 

Hog  business,  advantages 488  2 

Hogging-down  com,  experiments 488  19-24 


gains  on  alfalfa  pasture,  cost 488  5-6 

pasturing  on  alfalfa  with  various  grain  supplements,  ex- 
periments, 1913-1915 488  3-19 

production  in  bluegrass  region,  1840-1910,  by  decades. . .  482  6 

raising,  labor  and  j)ower  units  required 482  10 

use  in  disposal  of  irrigated  crops,  experiments,  bulletin 

by  JamesA.  Holden 488  1-27 

HoLDEN,  James  A.,  bulletin  on  *' Experiments  in  the  disposal 

of  irrigated  crops  through  the  use  of  hogs " 488  1-27 

Honduras,  banana  industry 493  9 

Honey — 

North  Carolina,  distribution,  prices,  etc 489  6-9 

plants.  North  Carolina,  descriptions  and  occurrence 489  10-12 

prices  in  North  Carolina 489  8 

production — 

in  North  Carolina,  possibilities : 489  13-15 

on  ^nns,  bee  colomes,  etc 489  1 

per  colony.  North  Carolina 489  7 

tvpea  produced  in  North  Carolina 489  6-7 

Hoof  heads,  horse  disease,  nature  and  detection 487  27-28 

Horn  powder,  use  as  fertilizer 479  81 

tL(X9e — 

age,  determination  bjr  teeth 487  24-25 

anatomy,  classroom  discussion 487  3-9 

draft,  form,  appearance,  action,  etc.,  requirements 487  1 1-24 

judging,  terms 487  6 

teeth  as  indication  of  age 487  24-25 

oofloundnees,  detection,  suggestions 487  26-29 

Horses — 
judging— 

as  subject  of  seiondarv  schools,  bulletin  by  H.  P. 

Biyrrows .' 487  1-30 

demonstrations,  practices 487  29-30 

production  in  blue-grass  region,  1840-1910,  by  decades. . .  482  6 
Humidifier — 

lemon  curing — 

cost  and  value 494  9 

Tocms,  bulletin  by  A.  D.  Shamel 494  1-11 

value  in  living  rooms  in  dry  sections 494  9-10 

construction  and  uses 494  3-9 

Humpback  wheat — 

oriran,  characteristics  and  quality,  bulletin  by  Le\*i  M. 

Thomas 478  1-4 

See  also  Wheat, 

i/ytfnum  ertneonu,  cause  of  slash  rot,  Arkansas 496  4 

Idaho — 

apple  growing,  extent  and  varieties 485         31-33, 45-47 

forest  nursery,  irrigation  practices,  shading,  etc 479|     '  ^^  ^^  ^^  y^ 

Ilex,  spp.,  honey  plants,  value  and  occurrenc  e  in  North  Caro- 

Una 489  12 
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Bulletin 

lllijiois—  ^o-  J'^xe. 

apple  j^rowiiig.  proliiction  and  varietios 185  0-7,  lS-19, 45-47 

3trawi)orry  .shipmoiity  in  llMo.  magnitud*' 477  28 

lmplc*m(Mit8.  sugar-(*an(»  industrv.  de^i  riplions  and  uses 48(5     ]9.  2^^.  '24.  26. 28 

Imports,  fruits.  11)10,  MMo * 483  7 

In?  ome 

farm  family,  Sumtor  Coimty,  (la 41>2  18-20 

farm  labor,  rolation  to  tenure  and  capital.  Sumter  Count  v. 

(ia '..  492  23-24 

Indiana   - 

apple  growing,  production  and  varieties 485  7.  !?<   19.  45  47 

strawberry  shipments  in  1915,  magnitude  and  <lestination.  477  21  26.  28 
Insects,  injurious  to  nurser\'  stoc  k.  life  liistories.  habits,  and 

control ". 179  73  76 

Iowa- 
apple  growing,  production  and  \arieties 4S5  7.21.15-47 

strawberry  shipments  in  1!»I5.  magnitude  ami  destiFiation  .  477  21   2().  28 
Irrigation — 

apple  onhards  in  western  Colorado,  cost   and  pra<ti<es..  .5(*0  23  2B 

citrus  orchards,  practice's 499  3 

forc»st  nurserv,  svst(*ms.  and  operation.  <  om  pari  son  with 

sprinkling.*. . ." 479  10   1 1.  13-14 

mulched-basin- 

experiments  in  ( ilrns  orchards 499  (>   12.15-28 

system,  <  ost  and  limitati(»ns 499  24-25 

system  in  (itrus  groves,  and   beanng  on  (ontrol  of 
mottle-leaf,   bulletin   bv  L\Tnan  .1.    Hriggs,   (\   A. 

Jensen,  and  J.  AV.  M(  bane.* 499  1-31 

overliead  systems,  descriptions  and  operation 495  18-25 

sprav — 

'bulletin  by  Milo  H.  AVilliams 195  1  40 

economic  coFulilions  justifying 495  2  5 

farm  condition!?  favoring 495  5 

system.s,  designing,  material,  etc 495  29-32 

types  of  systems,  des  ription 495  1 1  -15- 

system  for  forest  nursery,  comparison  with  sprinkling 479  M)-  1 1.  13-14 

systems,  spray,  installation  methods  and  cost 495  :V>-40 

Italy,  fruits,  production,  imports  and  exports 483  24-26 

Jamaica,  fruit  industry 483  10-11 

Japan,  fruits,  production,  exports  and  imports.  HM)9^  1913 483  37-38 

Jknskn',  i\  A.,  Lym.w  J.  Briggn,  and  J.  AV.  McLank.  bul- 
letin on  "The  mulch ed-ba*iin  system  of  irrigated  citrus  (  ul- 

ture  and  it8  bearing  on  the  control  of  mottle-leaf 499  1-31 

Joists,  western  yellow  pine,  <  ar  sills,  and  .small  <  lear  pie-  es. 

tests,  bulletin  by  (\  \V.  Zimmerman 497  1-16 

Kansas? — 

apple  growing,  pro<lu<'t ion,  distribution,  and  varieties...  4S5  7.23-24,45-47 

forest  nursery,  practices 40^1/^^''  **^*  ^'^^  *?g^ 

strawberry  shipments  in  1915.  magnitude 477  28 

Kentucky — 

apple  growing,  production  and  varieties 485  7,  27 -2S.  45-47 

farming  in  the  blue-grass  region,  bulletin  by  J.  H.  Arnold .  482  1-29 

strawberry  .shipments  in  1915,  magnitude  and  destinaticm.  477  21-26,28 

Kerosene,  emulsion  formula  for  forest  nurseries 479  75-76 

Kohlrabi,  injury  by  melon  fly,  Hawaii 491  17 

•  iciijor  ( }\  oo  O-A   •)/*  Q#\ 

apple  orcharding  in  Colorado,  requirements  and  cost 500"{  Vl'V^"'^  "3Q  44 

cane  growing,  re<iuirements 48()  35 

cotton  growing,  cost  and  requirements 492  57-58 

income- 
oil   farm,  relation    to   capital    and    tenure,  Sumter 

County,  Ga 492  2:^2* 

use  of  term 482  9 
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lAbor— Continued.  Bulletin 

type  and   efficiencv  relation  to  aize  of  farm,    Sumter  No.                      Page. 

County,  Ga ' 492                          51 

•imit,"  use  of  term 482                            9 

Land,  poor,  utilization  as  wood  lots 48l|^^'  -•^'  -^'  ^^^^^^ 

Landlord,  farm,  profits  in  Sumter  County,  Ga 492                    20-21 

Lands,  farm,  eastern  Fnited  States,  values,  wood  lots,  im- 
proved areas,  etc.,  1880-1910 481                       7-23 

Larch,  western,  timber  tests 497                           16 

I-eafhopper,  Hawaiian,  infestation  of  sugar-cane  shipments 

from  Hawaii,  instance 4K6                          .'^3 

Leeward  Islands,  lime  growing,  industry 483                           1 1 

Tvemons — 
curing — 

rooms,  construction 49 1                         1  -2 

rooms,  humidifier,  bulletin  by  A .  D .  Shamel 494                       1-11 

use  and  value  of  humidifier.  / 494                        7-9 

water,  injuri-  by  melon  fly,  Hawaii 491                      V)-\C^ 

Lenziten  spp. ,  cause  of  slash  rot,  Arkansas 49(>                         4,  8 

Leveling  frame,  seed  bed,  forest  nursery' 479                           17 

Lime,  fertilizer  use  in  forest  nurseries. '. 479                          82 

Linden,  honey  |)lant,  value  and  occurrence  in  North  Carolina  489                          1 1 
Lxriodendron  tuHpi/era,  honey  plant,  A'alue  and  occurrence  in 

North  Carolina 489                          U 

Live  stock — 

enterprises  in  blue^rass  region,  1840-1920 482                            0 

relation  of  amount  to  size  of  farm 482                    22-23 

Loans,  farm,  relation  of  tenure,  Sumter  County,  Georgia 492                          22 

Logging,  brush  disposal,  practices [ 496                        2-3 

Lose,  W.  H.,  bulletin  on— 

"A  preliminary  report  on  the  occurrence  of  western  red- 
rot  in  Pinus  •ponderosa** 490                         1-8 

"Investigations  of  the  rotting  of  slash  in  Arkansas " 496                      1  15 

Louisiana,  strawberry — 

industrjr,  history,  marketing,  etc 477                      9-11 

production  and  shipments,  1915,  methods,  designation, 

etc 477                        9-11 

shipments,  in  1915,  magnitude  and  destination 477               21-26,28 

Lumber,  woodlot,  value,  and  uses  on  farms 481          24,  25, 27, 37 

Machinerv,  farm,  relation  of  type  to  acreage,  Sumter  County. 

Ga.....' 492                     50-51 

Maine — 

apple  growing,  production  and  varieties 483                   6-7, 14 

North  Berwick,  gipsy-moth  infestation,  control  studies. .  484                    43-48 

Hango,  injury  by  melon  fly,  Hawaii 491                          16 

Mariumiut  sacchari,  root-rot  disease  of  sugar  cane,  nature  and 

control  measures 486                          32 

Market,  cotton,  conditions  in  North  Carolina,  study  with  a 
view  to  their  improvement,  bulletin  by  O.  J.  McConnell 

and  W.  R.  Camp \ 476                      1-19 

Marketing — 

cotton.  North  Carolina,  conditions,  studv  for  improvement, 

etr ". 476                         2-17 

strawberries,  and  distribution,  1915,  bulletin  bv  O.  W. 

Schleussner  and  J.  C.  Gilbert '. 477                       1-32 

Markets- 
cotton  in  North  ( Carolina,  relative  merits 476                        6-9 

strawberry,  receipts,  1915,  by  States 477                     21-2(» 

Marrows,  Chinese,  destruction  by  melon  fly  in  Hawaii 491                10-13, 17 

Marvel  wheat.    See  Humpback  wheat. 
Maryland — 

apple  growing,  extent  and  varieties 485          24-25, 45-47 

strawberry  shipments  in  1915,  magnitude  and  destination .  477          21-26, 28-29 
MaaBachusetts — 

apple  growing,  production  and  varieties 485        6-7, 15, 45-47 

gipsy-moth  infestation  of  woodlands,  control  work 484                    28-42 

strawberry  shipment  in  1915 477                          29 
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Mast  board,  use  in  transplanting  forest  seedling,  description  No.  Page 

and  nee 479  54, 5.) 

McOoNNBLL,  O.  J.,  and  W.  R.  Camp,  bulletin  on  "A  study  of 
cotton  market  conditions  in  North  Carolina  with  a  view 

to  their  improvement" 476  1-19 

McLane,  J.  W.,  Lyman  J.  Brigos,  and  C.  A.Jensen,  bulletin 
on  *'The  mulched-baain  system  of  irrigated  citrus  culture 

and  its  bearing  on  the  control  of  mottle-leaf " 499  1-31 

M^y  bug,  injiuy  to  sugar  cane 486  31 

Mediterranean  fruit  fly,  ravages  in  Hawaii 491  1,5,7 

Melon  fl\^ — 

in  Hawaii,  bulletin  by  E.  A.  Back  and  C.  E.  Pemberton. .  491  1-64 

See  also  Fly,  melon. 

Mexico,  fruits,  production,  exports  and  imports 483  10 

Mice,  control  in  forest  nurseries 479  76,  77,  78 

Michigan — 

apple  growing,  production  and  varieties 485        6-7, 20, 45 -i  7 

strawberry  shipments  in  1915,  magnitude  and  destination .  477  21-26, 29 

Miller,  G.  H.,  and  S.  M.  Thomson,  bulletin  on  "The  cost  or 

producing  apples  in  western  (3olorado" 500  1^4 

Minnesota,  apple  growing,  extent  and  varieties 485  20, 21 ,  45-47 

Mississippi — 

apple  growing,  extent  and  varieties 485  29, 45-47 

strawberry  shipments  in  1915 477  29 

Missouri — 

apple  growing,  production  and  varieties 485  6-7, 21-22, 45-47 

strawbierry  shipments  in  1915 477  29 

Molasses — 

cane,  production,  1909,  by  States. 486  2 

use  of  term ' 486  2 

Molding,  nursery  stock,  in  winter,  description 479  71 

Moles,  control  by  traps 479  77 

Momordica  spp.,  injury  from  melon  fly  in  Hawaii 491  10-13, 17 

Montana — 

apple  growing,  extent  and  varieties 485  31, 45-47 

f  2, 10, 35, 

37,40,43-47,49- 
50,  56,  59, 61, 65, 
67,  69,  71,  73,  74 
36. 
37,41,43,44,49, 
51,60,62,63,65. 
,  66,60,71,73,85 

Mortgages,  farm,  Sumter  Countv,  Ga 492       '  21-22 

Moth- 
borer,  injury  to  sugar  cane 486  31 

codling,  control  in  Colorado  a^ple  orchards 500  27-31 

gipsy- 
control  by  forest  management,  bulletin  by  G.  E.  (dem- 
ent and  Willis  Munro 484  1-54 

Department  publications 484  51-53 

See  al^o  Gipsy  moth. 
Moths,   gipsy  and   brown- tail.    New   England,   solid-stream 

spraying  against,  bulletin  by  L.  H.  Worthley 480  1-16 

Motors,  electric,  prices  per  horsepower 495  39-40 

Mottle-leaf— 

control,  relation  of  mulched-basin  irrigated  citrus  culture, 
bulletin  by  Lyman  J.  Briggs,  C.  A.  Jensen,  and  J.  W. 

McLane 499  1-31 

disease  of  citrus  trees,  nature  and  causes 499  1-2 

Mulch  crops,  apple  orchards  in  Western  Colorado 500  21-22 

Mulched-baflin,  irrigation  system,  effect  on  tree  growth,  yield, 

etc 499  15-23 

Mulching — 

citrus  orchards,  practices  in  irrigated  sections 499  4-7 

forest  seedlings  during  winter 479  42-43,62-68 

Munro,  Willis,  and  G.  E.  Clement,  bulletin  on  ^'control  of 

the  gipsy  moth  by  forest  management " 484  1-54 


forest  nurseries,  practices,  shading,  irrigation,  etc 479- 

Monument  Nursery,  Colorado,  practices,  shading,  mulching. .      479- 
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Must- 
production  in  Germany, 
production  in  Spain. 


Nebraska — 

apple  growing,  extent  and  varieties. 


forest  nursery,  irrigation  and  other  practices. 


Xegroee,  farm  operations  in  Sumter  CJounty,  Oa.,  compari- 
son with  work  of  white  farmers 


Netherlands,  fruits,  production,  exports  and  imports 

New  England,  gipsy  moth  and  brown- tail  moth,  solid-stream 
spraying  against,  bulletin  by  L.  H.  WOTthley 


New  Hampshire — 

apple  growing,  production  and  varieties. 


strawbeny  shipments  in  1915. 


Exeter,  gipsv-moth  infestation,  control  studies, 
strawbeny  ship 

New  Jersey- 
apple  growing,  production  and  varieties 

strawberry  shipments  in  1915,  magnitude  and  destination . 

New  Mexico — 

apple  growing,  extent  and  varieties 


forest  nurseries,  practices. 


New  York — 

apple  growing,  production  and  varieties 

strawberry  shipments  in  1915,  magnitude  and  destination 
New  Zealand,  fruits — 

area  and  ex  ports 

production,  note 

Nicaragua,  banana  industry 

Nicotine,  solution  with  soap,  spray  for  aphids 

North  America,  fruits,  production,  imports  and  exports,  by 

countries 

North  Carolina — 

apple  growing,  production  and  varieties 

beekeeping, 'survey,  bulletin  by  E.  G.  Carr 

cotton  market  conditions,  study  with  a  view  to  their 
improvement,  bulletin  by  O.  J.  McConnell  and  W.  R. 

Camp 

cotton,  production  and  consumption,  of  different  staple 

lengths 

strawberry  shipments  in  1915,  magnitude  and  destination 

North  Dakota,  apple  growing,  note 

Norway,  fruits,  imports  and  exports 

Nozzles,  spray  irrigation  systemd,  t3rpe8  and  descriptions 

NuTKries,  forest,  fertilizers,  choice,  application,  etc 

Nursery — 
forest — 

equipment 

operations 

size  and  arrangement,  1917 

National  forests,  practices,  bulletin  by  C.  R.  Tillotson — 
site — 

for,  slope,  exposure  and  accessibility,  importance — 

forest,  selection,  preparation,  etc 

stock,  forest,  diseases,  and  injuries,  insects,  and  rodents . . 

water  system,  buildings,  ana  tools  needed 

.Vjisfo  spp.  honey  plants,  value  and  occurrence 

Oak- 


476 


slash,  rotting  in  Arkansas  forests, 
trees,  injury  by  gipsy  moth 


No. 
483 
483 

Page. 
22 
23 

485 
479 

492 
483 

23, 45-47 

[2,35-:  7,41,46, 

49,55,61,67,71, 

85 

13, 17,  22, 30, 

34,38,40,42, 

44, 46,  49, 55, 

58,63 

18 

480 

1-16 

•485 
484 
477 

6-7,14 

33-34 

29 

486 
477 

7,16-17,45-47 
21-26, 29 

485 
479 

34-35,45-47 
35-36.37,43, 
47,49,50,61, 
62,63,66,69, 
85 

485 

477 

6-7,16.45-47 
21-26,29 

483 
483 
483 
479 

40 

40 

9 

76 

483 

2-12 

485 
489 

7,26,45-47 
1-16 

1-19 


476 

5-6 

477 

21-26, 29 

485 

22,45-17 

483 

19 

495 

14-23 

479 

79-85 

479 

15 

479 

15-64 

479 

7-10 

479 

1-86 

479 

4-5 

479 

1-7, 16-39 

479 

68-79 

479 

10-15- 

489 

12 

496 

3-7 

484 

4 
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Oats— 

growingj  labor  and  power  unite  required 

production  in  bluemss  region,  1840-1910,  by  decades . . . 

spring,  growing  at  Moro,  eastern  Oregon,  teste  of  varieties. . 

Oceanica,  fruite,  production,  importe  and  exports 

Ohio- 
apple  growing,  production  and  varieties 

strawberry  shipmente  in  1915 

Oil,  olive,  production,  1915 

Oklahoma,  apple  growing,  extent  and  varieties 

Oliv^- 

industry,  in  Italy 

oil,  production,  1915 

Olives — 

production,  1915 

Spain,  production,  1909-1914 

Orange  trees,  mottle-leaf  disease,  nature  and  causes 

Oranges,  injury  by  melon  fly,  Hawaii 

Orchard — 

citrus,  mulched-basin  irrigation,  and  relation  to  mottle- 
leaf,  bulletin  by  Lyman  J.  Briggs,  C.  A.Jensen,  and 
J.  W.  McLane 


crops,  production  and  trade,  by  countries. 


fruits — 

crop  of  1909 

Uruguay,  acreage  and  production 

Orchards — 
apple — 

distribution,  1910 

investmente  and  interest  in  Western  Colorado 

management  in  western  Colorado 

manuring,     pruning,     and     cultivation,     western 

Colorado 

western  Colorado,  location,  size,  ag[e,  etc 

relation  to  farm  organization  in  apple  districte  of  Colorado. 
Oregon — 

apple  growing,  extent  and  varieties 

eastern,  climatic  data 

forest  nursery,  practices 

Moro  dry-land  experiment  station,  soil,  climate,  methods, 

etc 

spring  cereals,  experimente  at  Eastern  Drv'-farming  Sub- 
station at  Moro,  bulletin  by  David  E.  Stephens 

strawberry  shipmente  in  1915,  magnitude  ana  destination. 
Oxydendrum  arboreurriy  honey  plant,  value  and  occurrence  in 

North  Carolina 

Ozarks,  strawberry  shipmente  in  1915,  magnitude  and  desti- 
nation  


Bulletin 
No. 

482 
482 
498 
483 

485 
477 
483 

485 

483 
483 

483 
483 
499 
491 


499 
483 


483 
483 


485 
500 
500 

500 
500 
500 

485 
408 
479 

498 

498 
477 

489 

477 


10- n 

G 
26-31 
39  40 

6-7.18,45-47 

30 

4 

31.45-47 

25 
4 

4 

33 

1-2 

16 


1-31 

2-9, 14-23, 

27-28,30-31, 

32.  36,  37, 

39-40 

2 
14-15 


12-14 

11 

14-33 

15-22 

12-14 

Sr-ll 

36-38, 45-47 

5-11 

49, 69.  75 

1-14 

1-38 

21-26,  30 

11 

21-26,  31 


Packing- 
apples  for  market,  Colorado,  practices  and  co-^t 500  37—38 

forest  seedlings 479  65-68 

Page  Creek  Nursery,  Oregon,  practices 479  49,69,75 

Papaya,  injury  by  melon  fly,  Hawaii 491  1 « 

Paraguay,  fruite,  production,  exporte  and  importe 483  1 4—1 5 

Parasites,  melon  fly 491  45-47 

Park  spraying,  for  gipsy  and  brown-tail  moths,  management. .  480  12-13 

Passiflora  fruit,  injury  by  melon  fly,  Hawaii 491  15    16 

Pasture,  alfalfa,  returns  froii  carrying  hogs 488  6-7, 10- 16,  18-19 

Peach,  injury  by  melon  fly,  Hawaii 491  16 

Peaches,  production,  19)9 48:^  2,  3-4 

Pears,  production,  1909 483  2,4 

Pemberton,  C.  E.,  and  E.  A.  Hack,  bulletin  on  "The  melon 

fly  in  Hawaii " 491  1  -^4 


Digitized  by 


Google 


INDEX.  15 

Bulletin 

Peniis^''rvania —  No.  rage. 

apple  growing,  production  and  varieties 495  6-7, 17-18, 45-47 

Btrawocrry  shipments  in  1915 477  30 

FeppefB.  injury  by  melon  fly,  Hawaii 491  1 7 

Persia,  fruits,  exports  1909-1913 483  38 

Pettis  seed-bed  frame,  description 479  30-31 

Pigs,  pasturing  on  alfalfa,  experiments,  gains  etc 488  5,16-19 

FSgiim    Creek    Nursery,    California,    practices,    irrigation,  f35,  37.  38,   41, 

■hading,  etc 479  {     46,49,61.67, 

I  69. 85 


slash,  rotting  in  forests,  Arkansas 496  7-9 

timbers,  western  yellow,  tests  of  car  sills,  joists,  and  small 

clear  pieces,  bulletin  by  C.  W.  Zimmerman 497  1-16 

western  yellow- 
occurrence  of  western  red-rot,  preliminary  report, 

bulletinby  W.  H.  Long 490  1-8 

Santa  Fe  National  forest,  occurrence  of  western  red- 
rot,  data 490  5-7 

Pine-tip  moth,  injury  to  nursery  seedlings 479  76 

Fima  ponderoM — 

red-rot,  occurrence,  preliminary  report,  bulletin  bv  W.  H. 

Long / 490  1-8 

western  red-rot,  occurrence  in,  preliminary  report,  bulle- 
tin by  W.  H.  Long 490  1-8 

See  also  Pine,  western  yellow. 

TtaR.  S.  E.,  citation  on  control  of  rodents 479  77-79 

K[i((,  irrigation  systems,  kinds  and  description 495  23-25 

tmg,  sugar  canoj  practices  and  sttggeetions 486  16-21 

YlowBOle,  formation  in  irrigated  soils,  natiu'e 499  4 

Plnms,  pioduction,  1909 483  2, 4 

FKatello  Nursery,  Idaho,  irrigation  practice,  shading,  etc. . . .  479  |^^'  ^^'  ^^^  ^^^  ^!^^ 

Tmon— 

bait  for  cutworms  and  grasshoppers,  formulas 479  74, 75 

baits,  use  for  control  ofrodents 479  77-79 

.^B^fporu^  spp.,  cause  of  slash  rot  in  Arkansas 496  4,7,8 

^Mm^t/«  spp.,  eause  of  slash  rot  in  Arkansas  forests 496  4,7,8 

IMai,  tulip,  honey  plant,  value  and  occurrence  in  North 

Cirplina 489  11 

FWkr  production  per  100  pounds  of  com 448  10 

PvteiB,  American,  analyses 493  7 

FmAetria  dispar.    See  Gipsy  moth. 
IWto  Rico — 

fruit  trade  with  United  States,  1910,1915 483  7 

fruits,  exports 483  12 

Pnrtogal,  fruits,  exports  and  imports.  1909-1913 483  35 

"Power  unit, ''  use  of  term 482  9 

Pttoee— 

beeswax 489  8 

cotton,  North  Carolina  markets 476  7-9 

honey.  North  Carolina 489  8 

8tra^H>errie8,  at  various  markets,  1915,  and  qualities 477  13-18 

"Phiductive  labor,'*  use  of  term 482  11 

Pfeopolis,  nature,  note 489  9 

Thmee,  production,  1909 483  2, 4 

ftoning— 

apple  trees,  labor  costs  in  Western  Colorado 500  1  <>-l  7 

root,  forest  seedlings.. 479  44  45, 52 

ftciM4>rofcu?  cair«ofana^  injury  to  sugar  cane 486  31 

Pablications,  gipsy-moth,  tree  controlling,  tree-planting,  lists.  484  51-54 

*'Pulling"  brusn,  use  of  term 496  2 

Pnmping — 

plant,  irrigation  system,  designing,  horsepower  ro(iuire- 

ment,  etc 495  32 

plants,  for  spray  irrigation,  description,  and  use  methods-  495  C-J2 

Pompkins,  deUruction  by  melon  fly,  Hawaii 491  10-13 

Psmpe,  spray  irrigation,  types,  des.^ription,  and  capacity 495  25-29 
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Raspberries,  production,  1909 

Rat*— 

kanearoo,  control  b>r  poisoned  baits 

wood,  control  by  poison  baits 

Red-heart.    See  Red-rot,  western. 
Red-rot— 

cause,  note 

entrance  into  living  trees 

sugar-cane  disease,  nature  and  preventive  measures 

western — 

cause,  comparison  with  true  red-rot,  etc 

comparison  with  true  red-rot 

description  and  development  in  western  yellow  pine. 

eradication  from  forests,  suggestions 

occurrence  in  Pinm  ponderosa,  preliminary  report, 

bulletin  by  \V.  H.  Long 

Rhode  Island,  apple  growing,  notes 

RiLET,  J.  Garfield,  and  L.M.Toliian,  bulletin  on  "A study 

of  American  beers  and  ales" 

Ring  scale,  cause,  note ^ 

Ringbone,  horse,  nature  and  detection 

Rodents,  control  methods  in  forest  nurseries 

Root,  pruning,  forest  seedlings 

Roat-rot,  su^ar-cane  disea-^e,  nature  and  preventive  measure?. 

Roumania,  fruits,  production,  imports  and  exports 

RuDDiMAN,  H.  D.,  bulletin  on  "Statistics  of  fruits  in  principal 

countries" 

Russia,  prints,  production,  imports,  and  exports 

Rye— 

growing,  labor  and  power  units  required 

production  in  bluegrass  region,  1840-1910,  by  decades  . . . 

Saccharum  afficinarum.    See  Cane,  sugar. 

Savenac  Nursery,  Montana,  irrigation  and  other  practices,  ca< 


paaty,  etc. 


ScHLEUssNER,  O.  W.,  and  J.  C.  Gilbert,  bulletin  on  **Market- 

ing  and  distribution  of  strawberries  in  1915" .  . 

Schools,  secondary,  judging  horses  as  a  subject  of  instruction, 

bulletin  by  H.  P.  Barrows 

Score  card — 

draft  horses,  for  students 

light  horses,  for  students 

Screens,  for  irrigation  pumps,  description 

Seed- 
bed- 
equipment,  forest  nur?eries 

forest  nursery,  preparation  and  planting 

beds,  covering,  in  forest  nurseries,  description  of  frames, 
foreiit  tree,  sowing  methods,  seasons,  amounts,  and  cover- 
ing  '. . 

sowing  apparatus  for  forest  nurseries 

Seed -cane,  requirements  to  acre,  cost  and  planting  practices. 

Seeding,  forest  nurseries,  costs 

Seedlings- 
forest — 

care,  shading,  watering,  mulching,  etc 

di«»eases  and  injuries  in  nursery,  in^ecti^,  etc 

lifting  from  seed  beds 

requirements  for  reforestation  on  National  Fore.^ts. . . 

transplanting,  j)ractices,  methods,  cost,  etc 

nursery,  heights  in  inches  of  different  species 


Bultotln 
No. 

483 

2.5 

479 
479 

77,78 
79 

490 
490 
486 

1 

4 

32 

490 
490 
490 
490 

3-4 
3 

1-3 
8 

490 
485 

1-8 
15,46-47 

493 
490 
487 
479 
479 
486 
483 

1-23 
1 

27 

76-79 

44-45,52 

.  32 

30-31 

483 
483 

1-40 
17-28 

482 
482 

10-11 
6 

479- 

2, 

10, 
46, 
59, 
09 

35, 

47. 
61. 
,71 

37,  44, 
49,  56, 
65.  67, 
,73,  74 

477 
487 


17^ 


487 
487 
495 

8^9 
12-14 

479 
479 
479 

17-18,  22 
17-^36 
29-32 

479' 
479 
486 
479 

18^32 
21-22 
20^21 
18,30 

479 
479 
479 
479 
479 
479 

36-45 
68-79 
50-52 
I 
45^-64 
63 
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Balletln 
No. 

Serbia,  fruits,  productioiii  imports  and  exports 483 

Shade  frames — 

for  nursery  seedling,  use  and  removal 479 

use  in  forest  nursenes,  descriptions  and  value 479 

Siade  trees,  spraying  for  gipsy  and  brown-tail  moths,  man- 

agranent  and  cost 480 

Shading,  forreet  seed  beds  and  seedlings 479< 

Shambl,  a.  D.,  bulletin  on  "A  humidifier  for  lemon-curing 

room  " 494 

Sheep- 
production  in  blue-grass  r^ion,  1840-1910,  by  decades. . .  482 

ndsing,  labor  and  power  units  required 482 

Silao— 

Digasse,  experiments. 486 

Bugar-cane  tope,  analysis  and  value 486 

Sills,  western  yellow  pine,  joists,  and  small  clear  pieces,  tests, 

bulletin  by  C.  W.  Zimmerman 497 

Sirup- 
cane — ' 

culture  for,  in  the  United  States,  bulletin  by  P.  A. 

Yoder 486 

production,  1909,  by  States 486 

manufacture  from  sugar  cane,  equipment,  cost  and  re- 
turns  : 486 

mills,  by-products,  utilization 486 

uae  of  term 486 

Skimmings,  sirup  plant,  utilization  as  feed 486 

Slaah— 

forest,  disposal,  relation  to  rott^g 496 

rotting,  investigations  in  Arkansas,  bulletin  by  W.  H. 

Long 496 

Small  fruits — 

crop  of  1909. 483 

production  and  trade,  United  States  and  Canada 483 

Soda  nitrate,  use  as  fertilizer  in  forest  nurseries 479 

Soil,  forest  nursery 479 

Soils,  sugar-cane  growing,  requirements  and  preparation 486 

Soiig^ums,  min,  growing  at  Moro,  eastern  Or^n,  note 498 

Sourwood,  honey  plant,  value  and  occurrence  in  North  Caro- 
lina   489 

South  America,  fruits,  production,  imports  and  exports  by 

countries 483 

South  Carolina- 
apple  growing,  extent  and  varieties 485 

strawberry  shipments  in  1915,  magnitude  and  destina- 
tion   477 

South  Dakota,  appie  growing,  extent  and  varieties 485 

Sowing,  seed,  forest  nurseries,  methods 479 

Sows,  pasturing  on  alfalfa,  experiments,  gains,  etc 488 

Sptin,  fruits,  production,  exports  and  imports 483 

Spavin,  horse,  detection 487 

Splint,  horse  disease,  detection 487 

Spray,  irrigation — 

advantages,  cost,  application,  etc 495 

bulletin  by  Milo  B .  Williams 495 

systems,  types  and  descriptions 495 

Sprayers- 
care  in  winter 480 

solid-stream,  description 480 

Spraying— 

codling-moth  control,  cost  and  practices  in  Colorado 500 

melon  fly,  experiments. 491 

solid-stream,  use  against  gipsy  and  b^own-tail  moths  in 

New  England,  bulletin  bv  H.  L.  Worthley 480 

uses  and  value  in  control  of  gipsy  moth 484 

167929—20 S 
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Page. 
31 

37-40 
37-39 

10-12 

29-32, 36HM), 

61-62 

1-11 

6 
10 

45 
43-44 

1-16 


1-46 
2 

39-43 

43-45 

2 

45 

2-11 

1-15 

3 

3,8 

81 

3-4 

10-16 

36 

11 

12-15 

26-27,  45-47 

21-26, 30 

22-23,45-47 

20-23 

16-19 

32-35 

28 

27 

2-6, 37-40 

1-40 

14-25 

13-14 
3-5,6 

27-31 
48-49 

1-16 
49 
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Bulletin 

Sprays—  No.  Page. 

aphid,  formulas 479  75-76 

aphis,  nature  and  use  on  apple  trees 500  3(^31 

codling  moth,  nature,  application  and  cost 500  2^30 

Sprinkling,  system  for  forest  nursery,  comparison  with  irriga- 
tion   479     n-14, 34,  41,  Gl 

Spruce,  western,  timber  tests 497  16 

Squash,  destruction  by  melon  fljr,  Hawaii 491  10-13 

Squirrels,  control  in  forest  nurseries 479  76, 77,  78 

Stephenb,  David  E.,  bulletin  on  *' Experiments  with  spring 
cereals  at  the  Eastern  Oregon  Dry  farming  Siibstation,  Moro, 

Oregon" * 498  1-38 

Stereum  spp.,  cause  of  rot  on  forest  slash,  Arkansa 496         3, 4,  6, 10, 11 

Stock,  nursery,  digging,  grading,  packing,  and  shipping 479  64-68 

Storage — 

cold,  control  of  melon  fly,  experiments 491  49-51 

sugar  cane,  for  planting 486  29-31 

Strawberries — 

marketing  and  distribution,   1915,   bulletin  by  O.  W. 

Schleussner  and  J.  C.  Gilbert 477  1-32 

production,  1909 483  2,  5 

shipments  in  1915,  by  States  and  districts 477  21-31 

shipping  Louisiana  crop,  practices 477  11 

States  shipping,  and  distnbution  to  various  cities,  1915. . .  477  18-32 

Strawberry — 

industry,  Louisiana,  history,  marketing,  quality  and  pack. 

and  shipments 477  9-11 

markets,  receipts  in  ]  915,  by  States 477  21-26 

pickers,  management,  methods 477  2-3 

shipments.    United    States,    1915,    extent,    season,    and 

volume 477  11-12 

Sugar — 

cane,  production,  1909,  by  States 486  2 

cane.    See  also  Cane,  sugar. 
Sugar-cane — 

culture  for  sirup  production  in  the  United  States,  bulletin 

by  P.  A.  Yoder 486  1-46 

industrjr,  business  considerations,  costs  and  profits 486  33—45 

tops,  utilization  as  silflgo 486  43-44 

Sulphuric  acid,  use  in  control  of  damping-off  disease 479  69-70 

Swarming,  bees,  effect  on  colony  and  honey  crop 489  4 

Sweden,  fruits,  imports  and  exports .* 493  19-26 

Swine — 

production  in  bluegrass  region,  1840-1910,  by  decades 482  6 

See  also  Hogs. 

Tankage,  supplement  to  hogging  down  com 488  23 

Tennessee — 

apple  growinij,  production  and  varieties 485  7, 28,  -15-47 

strawberry  shipments  in  1915,  magnitude  and  destination .  477  21-26,  30 

Tenm-e — 
farm — 

relation  to  size  of  farm,  investment,  profits,  etc.,  Sum- 
ter County,  Ga 492  10-35 

Sumter  County,  Ga. ,  practices  and  types 492  10-35 

land — 

practices  in  bluecrass  region 482  14-15 

relation  of  capital  to  rent  in  bluegrass  region 482  14-15 

Termites,  injiuy  to  sugar  cane 480  31-32 

Tests,  western  yellow-pine  car  sills,  joists,  and  small  clear 

pieces,  buUetm  by  C.  W.  Zimmerman 497  16-16 

Texas- 
apple  growing,  extent  and  varieties 485  30-31 ,  45-47 

strawberry  shipments  in  1 91 5,  magnitude  and  destination .  477  21-26.  36 

Thinning,  apples,  practices  and  cost,  western  Colorado 500  26-27 

Thomas,  Levi  M.,  bulletin  on  "The  origin,  characteristics 

and  quality  of  Humpback  wheat" 478  1-4 

Thomas  slag,  use  as  fertilizer  in  forest  nurseries 479  82 
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Bulletin 

Thomson,  S.  M.,  and  G.  H.  Miller,  bulletin  on  **The  cost  of  No.  Page. 

producing  apples  in  western  Colorado " 500  1-44 

Thoroughpin.  noTse,  detection 487  28 

TiLLOTSON,  C.  R.,   bulletin  on  "Nursery  practice  on  the 

National  Forest 479  1-86 

Timber,  woodlot,  amount  and  quality 481  23-25 

Timbers — 

strength  value,  tests,  methods 497  2-4 

western  yellow  pine — 

characteristics,  relation  to  mechanical  properties 497  6-rll 

tests  of  car  sills,  joists,  and  small  clear  pieces,  bulletin 

by  C.  W.  Zimmerman 497  1-16 

Tobacco — 

growing,  labor  and  power  units  required 482  10-1  ] 

production  in  bluOTass  region,  1840-1910,  by  decades. . .  482  6 
ToLMAN,  L.  M.,  and  J.  Garfield  Riley,  bulletin  on  '*A  study 

of  American  beers  and  ales 493  1-23 

T<Mnatoes.  injury  by  melon  fly,  Hawaii 491  13-14 

Tools,  transplanting,  forest  nurseries,  description  and  use 479  53-54 

Top-rot.    See  Red-rot,  western. 

Trmnetei  pint,  cause  of  red-rot,  notes 490  1 

Transplant  beds,  forest  nurseries,  preparation  and  care 479  47-48, 60  -(i4 

Transplanting,  forest  seedlings  practices,  methods,  cost,  etc. .  479  45-64 

Transportation,  strawberries,  methods 477  8-9 

Tr«8— 

felled,  fungi  attacking,  arkansas  forests 496  3-4,  6,  7, 8, 10, 11 

forest,  hosts  of  gipsy  moth,  factor  in  control  work 484  1 7-28 

planting  and  control,  Department  publications,  list 484  53-54 

species,  influence  on  forest  management,  distribution, 

and  description 484  22-28 

Trencher,  nursery  tool,  description 479  53 

Tulip  poplar,  honev  plant,  value  and  occurrence  in  North 

Carolina '. : 489  11 

Tunis,  fruits,  production,  note 483  39 

Tupelo  gum,  honey  plant,  value  and  occurrence  in  North 

Carolina 489  12 

Turkey,  fruits,  exports  and  imports 483  31-32 

United  Kingdom,  fruits — 

exports  and  imports ^ 483  35-37 

reexports,  1909-1913 483  37 

Utah- 
apple  growing,  extent  and  varieties 485  35, 45-47 

/  QK     Q7     AO     AQ 

forest  nurseries,  practices,  shading,  etc 479<  ■  r>J  j.q'  -, j'  -« 

Vegetables,  Hawaii,  injury  from  melon  fly 491  •  8-1 8 

Vermont,  apple  growing,  production  and  varieties 485  6-7, 1 4-1 5, 45-47 

Virginia- 
apple  growing,  production  and  varieties 485  6-7,  25, 45-47 

strawberry  shipments  in  1915,  magnitude  and  destination .  477  21-26,  30 

Washington — 

apple  growing,  production  and  varieties 485  6-7, 36, 45-47 

12,17-18,29, 
31,  34,  35,  37, 
43,  47, 49,  50, 
55,  62, 64,  65, 
67,  69,  73 
strawberry  shipments  in  1915,  magnitude  and  distribu- 
tion   477  21-26, 31 

Wat«— 

requirements  for  spray  irrigation,  rights,  development, 

etc 495  5-12 
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INTRODUCTION. 

The  investigations  described  in  this  bulletin  were  made  for  the 
purpose  of  ascertaining  the  value  to  the  cotton  producer  of  knowing 
the  class  of  his  cotton  before  sale  and  for  the  purpose  of  determining 
whether  this  information  could  be  furnished  to  producers  by  dis- 
interested parties  w^ith  practical  results.  It  is  realized  that  in  the 
marketing  of  cotton  by  producers  a  knowledge  of  class  before  sale  , 
is  only  one  of  a  number  of  related  problems,  some  of  which  were 
studied  and  are  discussed  in  this  paper. 

A  detailed  investigation  of  local  conditions  affecting  the  marketing 
of  cotton  was  made  in  North  Carolina  during  two  seasons.  This  in- 
vestigation was  confined  to  the  eastern  part  of  the  State  during  the 
8eas(Hi  of  1914-15,  and  embraced  all  cotton-producing  sections  during 
the  season  of  1915-16. 
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METHOD  OF  PROCEDURE. 

Arrangements  were  made  with  practically  every  ginner  in  Edge- 
combe County  to  sample  each  bale  of  cotton  ginned  during  the  1914-15 
season  and  mail  the  samples  to  the  classing  room  at  Tarboro.^  Samples 
from  about  10,700  bales  ginned  in  the  county  were  received.  These 
samples  were  graded  and  stapled,  and  this  information  was  mailed 
to  the  producer  on  a  card,  numbered  to  corre^ond  with  the  bale  from 
which  the  sample  was  taken,  with  a  letter  explaining  in  detail  the 
purpose  of  the  investigation.  The  farmers  were  circularized  fre- 
quently, to  help  them  to  understand  the  approximate  differences  in 
prices  that  should  be  made  between  grades. 

The  investigation  was  conducted  in  a  similar  manner  during  the 
1915-16  season  on  an  enlarged  scale,  classers  being  appointed  for  the 
following  counties:  Edgecombe  (the  cotton  ginned  in  Nash  County 
was  classed  by  the  Edgecombe  classer  also),  Mecklenburg,  Wilson, 
and  Wayne.*  Samples  from  about  30,000  bales  ginned  in  these  coun- 
ties were  received  and  classed. 

Samplers  were  appointed  during  the  1914r-15  season  at  Fayette- 
ville,  Goldsboro,  and  Scotland  Neck,  all  of  which  are  located  on  the 
Coastal  Plain  section,  to  collect  samples  of  bales  of  cotton,  sold  at 
these  towns,  the  class  of  which  was  unknown  to  the  producer  before 
sale.  Inclosed  with  each  sample  sent  to  the  classing  room  at  Tarboro 
was  a  record  slip  giving  the  price  at  which  the  bale  sold  and  the  date 
of  sale.  About  3,500  samples  of  bales  of  cotton  sold  at  these  towns  • 
were  received.  During  the  season  of  1915-16  the  collection  of  sam- 
ples in  this  manner  was  extended  to  include  Ahoskie,  Clinton,  Gas- 
tonia,  Jacksonville,  Kings  Mountain,  Kinston,  Laurinburg,  Louis- 
burg,  New  Berne,  Raleigh,  Red  Springs,  Salisbury,  Selma,  States- 
ville,  Wadesboro,  and  Washington.  Samples  drawn  from  about 
14,000  bales  sold  at  these  towns  were  received.  An  attempt  is  made 
in  the  map  (see  fig.  1)  to  illustrate  the  extent  to  which  these  towns 
represent  the  cotton-producing  area  of  the  State. 

CHARACTER  OF  THE  COTTON  PRODUCED  IN  NORTH  CAROLINA. 

AVERAGE  GRADE  AND  LENGTH  OF  STAPLE. 

During  the  season  of  1914-15  the  average  grade  of  the  bales 
sampled  in  North  Carolina  was  slightly  below  Middling,  although 
about  33J  per  cent  was  Strict  Middling  or  above.  During  1915—16 
the  average  grade  was  nearly  Strict  Middling,  about  48  per  cent 

^  The  authors  desire  to  express  their  appreciation  of  the  cooperation  and  assistance  of 
the  ginners,  which  contributed  greatly  to  the  success  of  this  investigation.  Mr.  Fired 
Taylor,  Cotton  Technologist  of  the  United  States  Department  of  Agriculture,  Bnperriaed 
the  study. 

2  The  Investigation  In  Edgecombe  proving  successful,  the  North  Carolina  Legislature 
passed  a  law  (chap.  175,  Public  Laws,  1915)  which  authorizes  county  commissioners  to 
employ  county  classers  in  cooperation  with  the  North  Carolina  Agricultural  Blxperlment 
Station,  the  United  States  Department  of  Agriculture,  or  both,  acting  together. 
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being  Strict  Mid- 
dling or  above. 
This  difference  is 
accounted  for  by 
the  better  weather 
which  prevailed 
during  the  latter 
picking  season. 

Only  2  per  cent 
of  the  bales  classed 
during  the  season 
of    1914-15    were 
less  than  |  of  an 
inch  in  length  of 
staple;  61  per  cent 
was  I  of  an  inch, 
and    37    per    cent 
longer  than   i   of 
an     inch.       The 
average   length 
of  staple   for   the 
amples  taken  dur- 
ing the  ^ason  was 
approximately  0.90 
inch^    During  the 
season  1915-16  (see 
Table  I)  approxi- 
mately 3^  per  cent 
of  the  bales  classed 
were  less  than  }  of 
an  inch  in  length 
of  staple;   50  per 
cent  were  J  of  an 
inch,  and  46^  per 
cent  more  than  j- 
of  an  inch.     The 
average  length  of 
staple  was  approx- 
imately 0.92  inch. 
This  longer  length 
of    staple    shown 
for  the  season  of 
1915-16    is    ex. 
plained  by  the  fact 
that  samples  were 
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collected  both  in  the  Piedmont  and  Coastal  Plains  sections,  while 
sampling  was  confined  to  the  Coastal  Plains  during  the  1914:-15 
season. 


Table  I. — Percentaffes  of  the  different  lengths  of  staple  of  cotton  sampled  in 
each  totcn  during  the  1915-16  season. 


Length 

of  staple  in  inches. 

Section. 

Averue 

Market. 

Less 
than  I. 

i 

H 

1 

lA 

U 

lAand 
longer. 

staple 
length. 

AhosWe 

Peret, 
25 

Peret. 
65 
36 

sa* 

8 

65 
26 

1 
21 
27 
39 
86 

3 
42 
71 
30 
70 
35 

1 
80 

1 
31 
27 

Peret. 

7 
15 
18 
16 

7 
80 

«i 

35 
50 
58 

48 

16 
12 

7 
33 

9 

Perei. 

2 
38 
80 

2 
30 

43 

37 

14 

1 

33* 
10 

4 

Peret. 
1 
4 

Peret. 

PereL 

Coastal.... 
Piedmont. 
Coastal.... 
...do 

0.86 

Charlotte 

4 

2 

.96 
1  00 

Clinton 

Fayetteyllle 

835 

Oaotonin 

1* 

30 

50 
8 

8 

14 

Piedmont. 
Coastal.... 
...do 

1.06 
91 

OoWsboro 

Jiackaonville 

.94 

Kings  Mountain 

2 

1 

Piedmont. 
Coastal.... 
...do 

1  03 

Kiniton 

2 

95 

Laorinburg 

.94 

Loubburg 

I* 

""J 

8* 

Piedmont. 
Coastal.... 

...do 

Piedmont. 
Coastal.... 
Piedmont. 
Coastal.... 
...do 

94 

Nashville 

t 

87S 

New  Beme 

97 

Balelrfi 

.94 

Bed  Springs 

.875 

flri»p^7, 

2 

i 

.94 

SootlanrfNeck....... 

i 

.875 

mim*^ 

13 

28 

2 

60 

•      32 

62 



.94 

Statesville 

52 

■"si  " 

3 

8 

1 

Piedmont. 
Coastal.... 
Piedmont. 
Coastal.... 
...do 

1.08 

Tarboro 

5 

88 

Wadesboro 

i 

1.00 

Washington 

.94 

Wilson.r 

h 

.97 

Total  number  of  bales  stapled  for  all  the  above  towns,  25,020. 

COHPARISON  OF  COTTON  PRODUCED   IN  THE   PIEDMONT  AND   COASTAL    PLAIN 

8ECTION& 

It  will  be  observed  from  a  study  of  Table  I  that  although  the 
samples  of  cotton  from  the  towns  of  the  Piedmont  section  have  not 
in  every  case  staple  superior  to  that  of  towns  in  the  Coastal  Plain, 
as  a  class  they  do  have  a  longer  staple.  The  difference  in  the  general 
character  of  the  cotton  of  the  two  sections  is  marked  and  ccmimer- 
cially  recognized. 

The  cotton  of  the  Coastal  Plain  is  uniform  in  length  of  staple 
and  is  of  good  strength.  Most  of  it  is  rather  light  in  body,  but  there 
is  a  fair  amount  of  heavy-bodied  cotton  of  good  quality.  This  indi- 
cates that,  if  proper  attention  were  paid  to  selecting  suitable  varieties 
for  planting,  the  value  of  the  crop  would  be  materially  increased. 
Although  some  cotton  of  poor  character  is  produced  in  the  Piedmcmt 
section  of  the  State,  and  more  careful  selection  of  the  varieties  to  be 
planted  would  be  amply  rewarded,  the  cotton  of  the  Piedmont  section 
is  superior  to  that  of  the  Coastal  Plains.  One  cause  for  this  differ- 
ence is  due  to  the  fact  that  there  are  a  number  of  small,  primitive 
plantation  gins  located  in  the  Coastal  Plain  section  of  the  State, 
and  only  about  half  the  cotton  produced  in  that  section  is  ginned  at 
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large,  modem  custom  gins,  while  the  majority  of  the  gins  in  the 
Piedmont  section  are  well  equipped. 

There  is  less  incentive  in  the  Coastal  Plain  section  to  improve  the 
character  of  the  cotton  produced  since  neither  the  length  of  staple  of 
individual  bales  nor  the  average  length  of  staple  produced  in  a  com- 
munity seems  to  have  any  weight  in  determining  the  price  paid  for 
certain  bales  or  the  relative  standing  of  the  town  as  a  cotton  market. 
This  is  not  true  of  the  Piedmont  section,  as  it  appears  that  the 
length  of  staple  of  each  bale  and  the  average  length  of  staple  pro- 
duced in  a  community  are  factors  in  determining  both  the  prices 
of  individual  bales  and  the  relatively  higher  prices  paid  at  certain 
markets. 

PRODUCTION   COMPARED  WITH   CONSUMPTION   OF  COTTON   IN 

NORTH  CAROLINA. 

A  matter  worthy  of  serious  consideration  by  buyers  and  consumers 
as  well  as  producers  of  cotton  in  North  Carolina  is  that,  notwith- 
standing the  fact  that  the  mills  of  the  State  consume  more  cotton 
than  is  produced  in  it,  production  does  not  meet  the  peculiar  needs 
of  consumption  from  a  standpoint  of  length  of  staple.  (See  Table 
II.)  A  survey  of  the  mills  of  the  State  made  by  the  Division  of  Mar- 
kets of  the  North  Carolina  Agricultural  Experiment  Station  shows 
that  more  than  three-fifths  of  the  cotton  consumed  in  North  Carolina 
is  produced  outside  of  the  State. 

Table  II. — Comparison  of  lengths  of  staple  of  cotton  produced  and  consumed  in 
North  Carolina  during  the  1014-15  season. 


Length  of  staple  in  inches. 

Less 
thanl. 

1 

H 

1 

itVor 
longer. 

Piodooed 

SaUs. 
28,000 
27,000 

Saks. 

400,000 

800,000 

BaUt. 

160,000 

180,000 

SaJet. 

152,000 

234,000 

Balet. 
56,000 
144,000 

CoDsuined    

0T6f  pruil  iu?t  km ,  ^ , 

1,000 

100,000 

PndggprodDcthwi 

20,666 

'83,666 

88,000 

It  will  be  observed  from  a  study  of  Table  11  that  while  there  is 
more  cotton  of  seven-eighths  of  an  inch  and  less  in  length  of  staple 
raised  than  is  consumed  or  manufactured  in  the  State,  the  reverse 
is  true  of  cotton  having  a  length  of  staple  of  1  inch  or  more.  This 
condition  can  be  remedied  if  producers  will  give  reasonable  con- 
sideration to  the  length  of  staple  when  selecting  varieties  for  plant- 
ing.*   Producers  will  be  encouraged  to  grow  cotton  of  a  better  staple 

1  Cook,  O.  p.  The  Belation  of  Cotton  Buying  to  Cotton  Growing.  U.  S.  Department  of 
Affrtcultare,  BoUetin  No.  60. 
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if  buyers  will  use  proper  discrimination  in  tiie  prices  paid  for  dif- 
ferent lengths  of  staple.  Production  to  meet  the  requirements  of 
State  consumption  might  enable  the  mills  to  secure  their  supplies 
more  economically  through  the  reduction  of  freight  and  other 
charges,  which  condition  might  result  in  turn  in  higher  prices  being 
paid  locally  for  cotton. 

RELATIVE  MERITS  OF  CERTAIN  PRIMARY  MARKETS  IN  NORTH 

CAROLINA. 

COMPARISON  OF  PRIMART  MARKETS  IN  THE  COASTAL  PLAIN  SECHON. 

An  effort  was  made  to  ascertain  the  relative  importance  of  certain 
primary  markets  in  the  Coastal  Plain  section.  In  order  to  make  the 
comparison  as  accurate  as  possible  a  record  was  made  of  prices  re- 
ceived for  unclassed  cotton  of  the  same  grades  on  the  same  dates  in 
any  two  of  the  markets.  The  resulting  averages  shown  in  Table  III 
indicate  accurately  the  differences  in  prices  which  existed  in  any 
two  markets.  The  prices  received  in  Fayetteville,  for  instance,  aver- 
aged 11.64  cents  for  cotton  of  the  same  grades  sold  on  the  same  dates 
which  brought  11.67  cents  in  Ahoskie.  Again,  the  prices  received 
for  cotton  of  the  same  grades  sold  on  the  same  dates  in  Fayetteville 
and  Clinton  averaged  11.98  cents  and  11.92  cents,  respectively. 

A  study  of  this  table  shows  that  the  average  length  of  staple  at  a 
town  has  no  apparent  bearing  upon  its  relative  merit  as  a  market. 
As  an  example,  Ahoskie  with  an  average  length  of  staple  of  less  than 
J  of  an  inch  paid  an  average  of  27  points,  or  $1.35  per  bale,  more 
than  Clinton  with  an  average  length  of  staple  of  1  inch. 

Special  attention  is  called  to  the  statement  for  the  town  of  New 
Berne  in  Table  III  and  also  in  Table  I.  The  fact  that  a  superior 
staple  is  produced  in  that  section  evidently  is  not  known  to  the  pro- 
ducers and  probably  not  to  the  local  buyers,  as  the  market  averages 
low  in  price  and  no  distinction  is  made  between  different  lengths 
of  staple.  A  study  of  the  record  slips  showed  that  cotton  only  f  of 
an  inch  in  length  of  staple  in  every  instance  brought  as  much  as  cot- 
ton 1^  and  1^  inches  in  length  of  staple,  when  as  a  matter  of  fact 
the  difference  in  value  is  from  $10  to  $15  a  bale. 

From  the  standpoint  of  price  the  relative  merits  of  these  markets 
seemingly  were:  1st,  Fayetteville;  2d,  Ahoskie;  3d,  Kinston;  4rth, 
Jacksonville;  5th,  Selma,  6th,  Clinton;  7th,  New  Berne;  8th,  Laurin- 
burg;  9th,  Washington;  10th,  Scotland  Neck;  and  11th,  Red  Springs. 
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Table  III. — Comparison  of  averctge  price  per  pound  received  for  unclaased  cot- 
ton at  primary  tnarkeU  in  Coastal  Plain  section,  season  1915-16,  grade  and 
date  of  sale  coinciding, 

[Prices  In  boldface  figures  apply  to  towns  In  boldface  type.     Prices  In  lightface  flgrures 
apply  to  towns  in  Ugbtface  type.] 


08 


CU. 


Cts, 
11.  (B 
11.80 


CU 

11.64 

ll.«9 


CU. 

11.52 

11.U 


CU. 

11.37 

11.27 


CU. 

11.01 

11JI8 


CU. 

11.42 

ll.t» 


CU. 

10.93 

11.42 


CU. 

10.96 

IIJO 


CU. 

11.67 

11.47 


CU. 

11.35 

11.42 


CU 

11.29 

11.41 


In. 
OJMd 


CUKoa. 


11.30 
11.W 


11.98 
11.92 


12.00   11.44 


11.91 


UM 


10.37 
10.67 


11.51 
11.40 


10.69 
11.20 


11.04 
11.19 


11.04 
11.26 


11.75 
11.76 


11.81 

11.M  1.000 


VafHteTlUe  . 


11.67 
11.04 


11.92 
11.96 


ia96 

11.18 


11.61 

nun 


10.91 
11.10 


11.16 


10.80 
10.90 


1L07 
11.S6 


10.76 
10.79 


10.83 
ll.lt 


11.15 
11.S1 


licluoaTUIe  . 


11.52  11.91 


11.68 


12.00 


11.18 
10.90 


11.87 
11.71 


11.08 
11.80 


11.92 
12.00 


10.88 
10.88 


11.38 
^1.55 


10.41 
10.88 


11.68 
11.81 


11.31 
11.41 


.876 


.940 


ItastoB. 


11.27 
11.87 


11.35 
11.44 


11.63 
11.61 


11.71 
11.87 


10.81 
10.89 


11.27 
11.88 


11.16 
11.68 


10.91 
11.28 


11.32 
11.26 


11.27 
11.44 


11.27 
11.89 


Uartabarf . 


11.88 

urn 


10.67 
10J7 


11.10 
10.91 


11.36 
11.08 


ia89 

10.81 


10.72 
10.87 


10.88 
10.88 


10.80 
10.72 


11.07 
10.99 


10.39 
11.10 


10.92 
10.88 


.940 


Bfw  Bene. 


11.30 
11.42 


11.40 
11.61 


11.36 
11.10 


13.00 
11.92 


11.38 
11.27 


10.87 
10.72 


11.10 
11.44 


11.12 
114M 


11.12 
10.96 


11.22 
11.26 


11.29 
11.29 


.970 


Bc^Sprlags. 


11.43 
10J8 


11.20 
10.60 


ia96 

10.80 


10.83 
10.88 


11.58 
11.16 


10.88 
10.88 


11.44 
11.10 


ia94 

10.78 


11.20 
10.91 


11.05 
11.06 


11.15 
10.91 


.876 


SrotludHeck. 


1L30 
10.96 


11.19 
11.04 


11.36 
11.07 


11.56 
UJSS 


11.23 
10.91 


ia72 

10.80 


11.34 
11.12 


ia78 

10.94 


11.28 
10.92 


11.23 
10.96 


11.19 
11.01 


.876 


11.47 
11.67 


11. 
11.041 


ia79 

10.76 


10.88 
10.41 


11.25 
1L82 


10.90 
11.07 


10.95 
11.12 


10.91 
11.20 


iao2 

11.28 


11.02 
11.26 


10.09 
11.11 


.940 


VMUaStoa. 


11.^ 
11.86 


11.76 
11.76 


11.13 
10.88 


11.81 
11.68 


11.44 
11.27 


11.16 
10.89 


11.26 
11.22 


11.06 
11.06 


10.96 
11.28 


11.25 
11U»2 


11.32 
11.17 


COMPABISON  OF  PBIMART  MABKBTS  IN  THE  PIEDMONT  SECTION. 

A  comparison  of  the  average  prices  paid  for  the  same  grades  of 
eotton  on  the  same  dates  at  certain  towns  in  the  Piedmont  section  is 
given  in  Table  IV. 

Attention  is  called  to  the  fact  that  with  the  exception  of  Salisbury 
as  compared  with  Statesville  the  markets  compared  as  to  prices  in 
direct  ratio  to  their  average  length  of  staple.  A  possible  explana- 
tion of  this  exception  is  that  there  are  supply  merchants  who  buy 
cotton  at  Salisbury,  while  such  is  not  the  case  at  Statesville. 
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From  the  standpoint  of  price  the  relative  merits  of  these  marketB 
seemingly  were:  First,  Gastonia;  second,  Kings  Mountain;  third, 
Wadesboro ;  fourth,  Salisbury ;  fifth,  Statesville ;  sixth,  Kaleigh ;  and 
seventh,  Louisburg. 

Table  IV. — ComparUon  of  average  price  per  pound  received  for  uncUu»ed  cotUm 
at  primary  markets  in  Piedmont  tection  during  the  1915-16  season,  grade  and 
date  of  sale  coinciding, 

[Prices  in  boldface  figures  apply  to  townc  in  boldflace  type.    Pricea  in  lightface  figures 
apply  to  townc  In  Ughtface  type.] 


Gas- 
tonia. 

TTing* 
Moun- 
tain. 

Louia- 
burg. 

Ea- 
leigh. 

Bala- 

bury. 

SUtes- 
ville. 

Wades- 
boro. 

Aver- 
age. 

Aver- 
age 

staple. 

OastonU 

Cend. 

Cmt8. 
12.03 

i&fli 

Cmt$, 
11.70 
12M 

Cmtt. 
11-64 
12.79 

CerUf. 
11.68 
12.66 

Ce$Ui. 
11.75 
12.78 

CenU. 
U.81 
12.42 

Cemii. 
11.61 
12.86 

Uagi  MooBUln 

12.  G9 
lt.OB 

11.69 
12.U 

11.72 
11.86 

11.88 
12.82 

11.74 
11.78 

U.74 
12.16 

11.91 
12.00 

"iM 

Lonisbarg   

13.66 

12.16 

ii.et 

11.52 
llUiO 

11.94 
11.68 

U.68 
11J6 

U.81 
U.86 

11.94 
11.88 

lii 

Kalelgh 

U.70 
11^ 

11.95 
11.72 

11.50 
11.68 

11.73 
11.66 

U.45 
11.68 

11.57 
11.78 

U.72 
11.88 

11.85 
11.80 

lii 

SalUbary 

12.65 
11«78 

12.02 
11.86 

11.68 

11.55 
11.78 

11.81 
U.71 

11.88 
11.78 

jii 

StotesTlUe 

12.73 
11.76 

11.73 
11.74 

11.56 
11.68 

11.50 
11.46 

11.78; 

1L67  ] 

U.85 
U.82 

11.86 
11.86 

*  "i.« 

Wadesboro 

12.42 
11.81 

12.15 
11.74 

U.85 
11.81 

11.68 
11.72 

11.71 
11.81 

11  82 
11.86 

11.94 
11.88 

"1.88 

COBIPARISON  OF  PIBDMONT  SECTION  WITH  THE  COASTAL  PLAIN   SECTION. 

A  comparison  of  the  last  two  columns  of  Tables  III  and  IV  shows 
that  cotton  produced  in  the  Coastal  Plain  did  not  bring  aa  high 
average  prices  as  cotton  of  the  same  length  of  staple  produced  in  the 
Piedmont  section.  This  difference  may  be  accounted  for,  in  part, 
by  the  better  body  of  the  cotton  produced  in  the  Piedmont  section, 
but  the  difference  in  value  between  the  types  of  cotton  produced  in 
the  two  sections  is  not  sufficient  to  account  for  all  of  this  difference.- 
A  probable  reason  is  that  more  careful  recognition  is  given  to  the 
class  of  individual  bales  in  the  Piedmont  section  than  in  the  Coastal 
Plain  section. 

The  fact  that  producers  are  able  to  secure  premiums  for  bales  of 
superior  grades  and  staples  in  the  Piedmont  section  seems  to  be  a 
sufficient  reason  to  account  for  the  greater  care  that  is  exercised  in 
the  picking  and  handling  of  the  cotton  produced  in  that  section,  as 
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evidenced  by  the  much  higher  average  grade.  Furthermore,  it  seems 
evident  that  the  failure  of  buyers  in  the  Coastal  Plain  section  to  give 
producers  premiums  for  superior  cottons  has  had  a  deleterious  effect 
upon  the  cotton  produced.  In  the  Coastal  Plains  cotton  is  bought 
according  to  a  system  of  averages,  while  in  the  Piedmont  section 
reasonable  consideration  is  given  to  the  class  of  individual  bales. 

COMPARISON  OF  CASH  WITH  CREDIT  SALES. 

The  average  prices  for  cash  sales  and  for  sales  which  are  credited 
to  the  owner's  account  by  a  merchant,  as  tabulated  by  the  depart- 
ment, showed  a  seeming  advantage  for  credit  sales  of  about  15  points, 
or  75  cents  per  bale.  It  is  generally  conceded  that  a  merchant  who 
does  not  depend  upon  the  handling  of  cotton  for  a  livelihood,  but 
who  uses  it  to  collect  accounts  and  induce  trade,  will  handle  cotton 
for  the  mere  cost,  sometimes  even  at  a  loss. 

Important  facts  in  tliis  study  were  developed  from  an  examination 
of  the  individual  sales.  While  the  majority  of  credit  sales  were 
slightly  higher  than  average  cash  sales  for  the  same  grades,  the 
range  between  high  and  low  prices  was  much  greater  for  sales  on 
account  than  for  cash  sales.  A  number  of  credit  sales  were  materially 
higher  tiian  cash  sales,  but  some  credit  sales  were  much  lower  than 
the  average  cash  sales.  This  indicates  that  the  financial  condition 
of  the  seller  enters  into  sales  on  account.  The  highest  price  seem- 
ingly is  paid  to  those  who  have  no  security  except  their  cotton.  Such 
parties  frequently  are  charged  a  higher  price  for  supplies  that  they 
purchase.  Therefore,  the  higher  price  paid  for  cotton,  the  proceeds 
from  which  are  credited  to  their  account,  is  in  a  large  measure,  if 
not  entirely,  offset  by  the  higher  prices  charged  for  merchandise. 

PRICES    RECEIVED    FOR    CLASSED    COTTON    COMPARED    WITH 
PRICES  RECEIVED  FOR  UNCLASSED  COTTON. 

COASTAL  PLAIN  SECTION. 

A  comparison  of  the  average  prices  paid  for  cotton  of  the  same 
grades  sold  on  the  same  dates  during  the  1914-15  season  in  Tarboro, 
Edgecombe  County,  where  it  was  classed,  and  three  other  towns 
in  tiie  Coastal  Plain  section  where  it  was  unclassed  is  shown  in  Table 
V.  It  will  be  noted  that  the  cotton  classed  before  sale  brought  an 
average  of  18  points,  or  $0.90  per  bale,  more  than  did  the  imclassed 
cotton  sold  on  the  same  dates  at  Fayetteville,  Goldsboro,  and  Scot- 
land Neck.  Upon  this  basis  the  farmers  of  Edgecombe  County,  as 
a  direct  result  of  the  grading  service  rendered  them,  received  about 
$12,000  more  than  they  otherwise  would  have  received  for  the 
season's  crop. 

e2489*~Bull.  476—17 2 
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Table  V. — Comparimn  of  average  prices  per  pound  received  for  dossed  ^imd 
unclasaed  cotton  of  the  same  grades  sold  on  the  same  dates  during  the 
1914-15  season. 

[Prices  in  boldface  figures  apply  to  town  in  boldface  type.     Prices  in  lightface  figures 
apply  to  towns  in  Ughtface  type^l 


• 
Market  selling  classed  cotton. 

Markets  selling  unclassed 
cotton. 

Average. 

^^ 

Golds- 
boro. 

Scotland 
Neck. 

Tarboro 

Cents. 
0.08 
7.16 

Oents. 
7.04 
7.1* 

Cents. 
6.77 
M9 

Ctnt9. 

.17 

.16 

.22 

.18 

Table  VI. — Comparison  of  average  prices  per  pound  received  for  cla99ed 
cotton  and  unclassed  cotton  of  the  same  grades  on  the  same  days  in  the 
Coastal  Plain  section,  1915-16  season. 

[Prices  in  boldface  figures  apply  to  town  In  boldface  type.     Prices  in  Ughtface  figures 
apply  to  towns  in  Ughtface  figures.] 


Markets  selling 
classed  ootUm. 


Markets  selling  unclassed  cotton. 


«4e 


0  . 

-I 

ol 


Ctoldsboro. 


Caa$. 
11.32 
11.40 


Cents. 
11.11 
11.61 


Cents. 
11.43 
11.62 


Cents. 
11.75 
12.16 


Cents. 
11.57 
ILM 


Cents. 

9.76 

11.M 


cents. 
11.32 
11.80 


Ctnts. 
10.63 
11.4» 


Cents. 
10.91 


Cents. 
11.00 
12.M 


Cents, 

n.56 


iLia 

11.M 


indm 


TariN>ro., 


11.41 
11.29 


11.34 
11. 


n.28 

11.27 


U.36 
114» 


1L48 
11.44 


U.21 
11.96 


11.461 


10.71 
11.10 


10.90 
11.12 


n.2i 

11.10 


10.89 
11.! 


11.23 
11.27 


Wilson. 


11.41 
11.68 


n.36 

11.62 


n.60 

11.81 


11.78 
12.04 


n.63 

11.67 


ia97 

11.60 


11.60 
11.64 


laoi 

11.66 


n.oo 

11.46 


11.66 
11.64 


11.22 
11.66 


ll.< 


Average  difller- 
ence  in  prices 
between  each 
town  and 
Goldsboro. 
Tarboro,  and 
Wilson 


-.06 


-.20 


-.13 


-.21 


-.08 


-.64 


-.14 


-.72 


-.44 


-.18 


-.51 


-.30 


a.M 


Averageoflength 
staple  (inches). 


1.00     .876 


.94 


.94      .97 


.876 


.876 


.94     a.flS  — 


o  General  average. 

During  the  1915-16  season  the  service  rendered  at  Tarboro  was 
extended  to  Goldsboro  and  Wilson,  in  the  Coastal  Plain  section,  with 
the  result  that  at  the  towns  where  cotton  was  classed  before  sale  a 
higher  average  price  was  received  than  in  towns  where  the  cotton  was 
unclassed.  Table  VI  gives  a  comparison  of  prices  received  for  cotton 
that  was  classed  before  sale  as  compared  with  prices  received  for  un- 
classed cotton  in  certain  towns  during  this  season.  Prices  received 
in  the  three  towns  where  classing  work  was  done  averaged  30  points, 
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or  $1.50  per  bale,  higher  than  prices  received  in  the  11  towns  at  which 
cotton  was  not  classed  before  sale.  Furthermore,  not  a  single  town 
in  which  unclassed  cotton  was  sold  shows  a  higher  average  price  than 
the  average  price  for  the  same  grades  and  dates  in  the  three  towns 
where  classed  cotton  was  sold.  It  will  be  observed  that  the  average 
length  of  staple  of  cotton  sold  in  towns  where  it  was  classed  for  pro- 
ducers is  slightly  less  than  the  average  length  of  staple  where  im- 
classed  cotton  was  sold. 

Special  attention  is  called  to  Goldsboro  as  compared  with  Tarboro 
for  the  season  1914-15,  in  Table  V.  In  this  table  Tarboro  with 
classed  cotton  averages  15  points  higher,  or  75  c^its  per  bale  more 
than  Goldsboro  with  imclassed  cotton.  A  comparison  of  all 
sales  on  coinciding  grades  and  dates  for  classed  cotton  during  the 
1915-16  season  shows  that  the  classed  cotton  sold  at  Goldsboro  aver- 
aged 10  points  higher  than  classed  cotton  sold  at  Tarboro.  This  indi- 
cates a  net  gain  of  25  points,  or  $1.25  per  bale,  for  classed  cotton  as 
compared  with  unclassed  cotton  sold  in  the  same  town. 

Using  the  figures  given  in  this  table  as  a  basis  of  comparison,  it  ap- 
pears that  had  all  the  cotton  produced  in  the  Coastal  Plain  section 
been  classed  before  sale  the  producers  would  have  received  approxi- 
mately $1.50  per  bale,  or  about  $800,000,  more  than  actually  was 
received. 

PIEDMONT  SECTION. 

The  prices  received  for  cotton  classed  before  sale  at  Charlotte  com- 
pared with  prices  received  for  unclassed  cotton  of  the  same  grades 
sold  on  the  same  dates  at  other  towns  in  the  Piedmont  section  during 
the  1915-16  season  are  shown  in  Table  VII,  Classed  cotton  sold  at 
Charlotte  brought  an  average  of  6  points,  or  30  cents  per  bale,  more 
than  unclassed  cotton  sold  at  the  other  seven  towns,  notwithstanding 
the  fact  that  the  average  length  of  staple  of  the  cotton  classed  before 
sale  was  only  0.95  inch  and  the  average  length  of  staple  of  the  un- 
classed cotton  was  0.99  inch. 

Table  VII. — Comparison  of  average  price  received  for  classed  cotton  and  un- 
classed cotton  of  the  same  grades  sold  on  the  same  days  at  towns  in  the  Pied- 
mont section  during  1915-16  season. 


[Prices  in  boldface  figares  apply  to  town  in  boldface  type. 
apply  to  town  In  Ugbtface  type.] 

Prices 

In  lightface  figures 

Markets  selling  unclassed  cotton. 

Aver- 
age. 

Avep. 

MarkBt  sailing  dassgd 

COttflO. 

Gas- 
tonla. 

Kings 
lioim- 
tain. 

Louis- 
burg. 

Raleigh. 

Salis- 
bury. 

States- 
vflle. 

Wades- 
boro. 

staple. 

I 
Cents. 
12.03 
CkvtoCte 11^ 

Uncthofstapleineachtown.      1.06 

Genu. 
11.92 
11.M 

1.03 

cms. 

11.58 
11.87 

.94 

Cents. 
11.80 
18.02 

.94 

Cents. 
12.11 
18.0t 

.94 

Cents. 
11.83 
11.86 

1.03 

Cents, 
11.68 
11.92 

1.00 

Cenu. 
11.85 
11.91 

Jnehm. 

1.00 
.95 

1     "'  " 
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Special  attention  is  called  to  Gastonia  as  compared  with  Charlotte. 
The  average  price  for  unclassed  cotton  sold  at  Gastonia  was  12.03 
cents,  while  it  was  only  11.80  cents  for  the  classed  cotton  sold  at  Char- 
lotte. It  will  be  observed,  however,  that  the  average  length  of  staple 
at  Gastonia  was  1.06  inches,  whereas  the  average  length  of  staple  at 
Charlotte  was  only  0.95,  a  difference  of  approximately  one-eighth  of 
an  inch.  While  unclassed  cotton  sold  at  Gastonia  brought  23  points, 
or  $1.15  per  bale,  more  than  classed  cotton  sold  at  Charlotte,  the  real 
difference  in  value  of  the  cotton  was  at  least  60  points,  or  $3  per  bale, 
more  for  the  Gastonia  cotton  on  account  of  the  length  of  staple.  This 
indicates  that  in  this  instance  the  cotton  classed  before  sale  brought 
$1.85  per  bale  more  than  the  unclassed  cotton,  value  being  considered. 

The  cotton  sold  at  Salisbury  was  not  of  greater  value  than  that  sold 
at  Charlotte,  but  the  fact  that  such  a  large  portion  of  the  cotton  sold 
at  Salisbury  is  purchased  by  supply  merchants  is  believed  to  account 
for  the  consistent  showing  it  made  in  this  and  other  tables  as  a  high 
market. 

As  there  are  about  300,000  bales  produced  in  this  section.  Table 
Vn  indicates  that  at  least  $90,000  might  have  been  saved  the  farmers 
of  the  Piedmont  section  had  their  cotton  been  classed  before  sale. 
Because  of  the  inferior  staple  sold  at  Charlotte  as  compared  with  that 
sold  at  the  other  towns,  it  might  be  assiuned  that  the  producers  of 
this  section  would  have  received  $175,000  to  $200,000  more  for  their 
cotton  by  having  it  classed  before  sale. 

DIFFERENCE  IN  PRICES  BETWEEN  GRADES. 

A  comparison  of  the  average  difference  in  prices  between  grades  on 
classed  and  unclassed  cotton  sold  during  the  1915-16  season  is  shown 
in  Table  VIII.  These  data  were  compiled  in  order  to  ascertain 
whether  individual  bales  brought  more  nearly  what  they  were  worth 
if  the  owner  were  informed  of  the  grade  of  the  bale  before  sale.  The 
information  was  obtained  by  finding  the  average  price  at  which  each 
grade  sold  at  each  town  throughout  the  same  period  of  time  and 
determining  the  difference  between  these  average  prices. 

It  will  be  noted  that  the  differences  on  grades  below  Middling  were 
more  favorable  to  the  seller  of  unclassed  cotton  than  to  the  seller  of 
classed  cotton.  On  the  other  hand,  differences  on  grades  above  Mid- 
dling were  more  favorable  to  the  seller  of  cotton  that  had  been  classed 
before  sale.  Taking  into  consideration  the  fact  that  48  per  cent  of 
the  cotton  was  above  Middling  and  only  27^  per  cent  below  Middling, 
it  will  be  seen  that  the  differences  used  on  classed  cotton  were  more 
favorable  to  the  seller  than  the  differences  used  on  unclassed  cotton. 
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Tabub  YIII. — The  average  differences  in  price  beUoeen  grades  of  undassed 
cotton  during  1916-16  season. 


oottonu 

Good 
ordi- 
nary. 

Strict 
good 
ordi- 
nary. 

Low 
mid- 
dttng. 

Strict 
low 
mid- 

dllng. 

Mid- 
dling. 

Btriot 
mid- 
dlizig. 

Good 
mid- 
dling. 

Strict 
good 
mid- 
dUng. 

BeettaL 

Average  differenoes  quoted  at  Norfolk,  Va. 

Abo^kte 

PohUt. 
200  off 

Points, 
150  off 

PoifUs, 

100  off 

7  off 

Points, 

374  off 

Soff 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Poi^. 
26  on 

7on 
19  on 
14  on 
Hon 

Ion 

14  on 
Ion 

17  off 

5  on 

15  on 

6  off 
Son 

85  off 
9  off 
14  off 
14  on 
25  on 

5  on 
Hon 

6  on 

Points. 
50  on 
Hon 
26  on 
20  on 
90  on 

35  on 
16  on 
Hon 
16  off 
Hon 
18  on 

6off 
7on 

36  off 
4  off 
6on 

33  on 
25  on 
81  off 
Won 
Ooff 

Points, 
75  on 
29  off 
soon 

15  on 

"47  on" 

'is  on" 

16  off 

4  off 

'■7  off 

5  on 
77  off 

"23"dfl 

"34  "on" 
37  on 
15  on 

Coastal. 

f**f^otta  *     .X. 

Piedmont. 

CDnton            ..........t 

38  off 
64  off 

63  off 
27  on 

CoastaL 

J>o. 

Qtttonia  

Piedmont. 

GoMsboro 

17  off 
15  off 

10  off 

2on 

5  off 

16  off 

4on 

4  on 

36  off 

56  off 

Son 

4  on 

36  off 

10  off 

*  "16  off 

CoastaL 

Jacksonville 

45  off 

Do. 

rfn^f  if  ^nntAia 

Piedmont. 

ICinStOn  .   .  .  .         .   ,   r  -  .   r  r   -  ,  -  t  - 

204  off 
69  off 

70  off 
40  off 

54'olt 
84  off 
99  off 

Coastal. 

TjuninlNiTg.  ............. 

Do. 

LouisboTK  ......^...x.T,- 

Piedmont. 

New  Berne 

Coastal. 

RAWgh   .    r.     

50  off 
4  off 

Piedmont. 

Red  nmiiiss r 

45  off 

14<rft 

CoaataL 

SStemrv     

Piedmont. 

SootbndNeckl 

79  off 

52  off 
10  off 

loff 
46  off 

loff 

Coastal. 

Mmft 

Do. 

Statfisville 

Piedmont. 

Wadesboro 

120  off 

27  off 
168  off 

Do. 

Waidiington ... 

CoastaL 

Average  differenoes 
used  on  undasMd 
cotton. 

Average  dlfl^renees 
used    on    classed 
cotton    at    Char- 
lotte,   Ooldsboro, 
TartMifo,  and  ^9ni- 
aon. 

128  off 
196  off 

84  off 

52  off 
58  off 

21  off 
93  off 

0 
0 

Son 
22  on 

7  on 
34  <m 

12  on 
88  on 

Per    cent    of  ea6h 
grade  in  State. 

1 

H 

8 

15 

25 

29 

15 

4 

Failure  to  make  proper  differences  between  grades  in  the  pur- 
chase of  unclassed  cotton  is  not  confined  to  any  section  of  the  State. 
However,  a  study  of  Table  VIII  reveals  the  fact  that,  as  a  rule,  in 
the  Piedmont  section  insufficient  premiums  are  paid  for  the  grades 
above  Middling,  while  in  the  Coastal  Plain  section  the  differences 
on  grades  above  Middling  are  more  nearly  correcct.  This  fact  seems 
to  indicate,  and  personal  investigation  has  confirmed  this  belief, 
that  while  approximately  correct  differences  may  be  used  by  buyers 
in  the  purchase  of  grades  that  are  not  sold  in  quantity  at  a  town, 
differences  favorable  to  the  purchaser  are  used  if  tiie  grade  is  pro- 
duced in  quantity. 

An  example  of  the  abuses  which  the  classing  service  might  hope 
to  correct  was  observed  in  Mecklenburg  County.  Among  the  samples 
received  from  a  certain  gin  all  the  cotton  belonging  to  one  producer 
was  li  inches  in  length  of  staple.  With  the  aid  of  his  class  cards 
this  producer  disposed  of  his  cotton  for  16  cents  per  pound.  He 
stated  that  he  had  been  producing  16  to  20  bales  per  year  of  the 
same  variety  of  cotton  for  five  or  six  years  and  that  while  he  thought 
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that  his  cotton  had  good  staple,  he  never  before  had  received  more 
than  the  ordinary  short-staple  price.  This  producer  received  about 
$20  a  bale  more  than  he  would  if  his  cotton  had  not  been  classed, 
amounting  to  about  $400  for  his  entire  crop.  At  this  rate  he  has  suf- 
fered a  total  loss  of  about  $2,000  during  the  last  five  years  by  not 
knowing  the  class  of  his  cotton.  While  this  case  is  probably  excep- 
tional, it  indicates  the  possible  loss  to  the  farmer  of  not  knowing 
the  class  of  his  cotton. 

It  may  be  concluded,  therefore,  that  the  higher  prices  that  many 
producers  were  able  to  secure  for  cotton  that  had  been  classed,  as 
compared  with  unclassed  cotton,  were  largely  due  to  the  application 
of  differences  that  were  approximately  correct.  Were  there  no  eco- 
nomic gain  to  the  producers  as  a  whole  in  having  cotton  classed  before 
sale  the  fact  that  many  individuals  would  secure  more  nearly  that 
to  which  they  are  justly  entitled  is  ample  reason  for  rendering  class- 
ing service. 

COMPARISON   OF   SALES   MADE   AT   PRDtfART  MARKETS   WTTH   SALES  MADE   AT 

NORFOLK,  VA. 

Considerable  cotton  is  shipped  by  producers  in  the  eastern  part  of 
North  Carolina  to  Norfolk,  Va.,  to  be  sold  there  by  brokers,  and 
data  were  received  and  compiled  for  about  1,000  bales  of  classed 
cotton  sold  there. 

The  data  for  the  1914^15  season  tabulated  by  the  department  show 
that  the  average  price  received  for  cotton  sold  at  Norfolk  was  7.09 
cents,  while  the  average  price  at  which  the  same  grades  were  sold 
on  the  same  dates  at  Fayetteville,  Scotland  Neck,  and  Tarboro  was 
6.56  cents,  a  difference  of  53  points,  which  was  partly  offset  by  an 
average  freight  rate  of  28^  points,  leaving- a  net  discrepancy  of  24 
points. 

A  similar  comparison  is  shown  in  Table  IX  for  the  1915-16  sea- 
son for  all  of  the  towns  from  which  data  were  secured,  covering  co- 
inciding grade  and  date  sales.  This  table  shows  an  average  difference 
in  favor  of  Norfolk  of  43  points,  which  is  subject  to  a  deduction  on 
account  of  freight  rates  of  32  points,  leaving  a  net  difference  of  11 
point& 

Table  IX. — Average  prices  received  for  the  same  grades  of  cotton  on  the  same 
dates  in  North  Carolina  primary  markets  and  Norfolk,  Va.,  1915-16  seasot^ 


[Prices  In  boldface  flgnree  apply  to  town  In  boldface  type.    Prices  In  Hghtface  Hgmm 
apply  to  towns  in  Ughtface  type.] 

Ahos- 
Ue. 

Clin- 
ton. 

Fay- 

Jaok- 
son- 
vflle. 

Kins- 
ton. 

Laurin- 
bnrg. 

Red 
Springs. 

Soot- 
land 

Neok. 

bofo. 

Aver> 
ace. 

Noifolk 

11.60 
11^ 

Oerut. 
11.63 

12.00 
11.60 

Cent*. 
11.56 

it.di 

Genu. 
12.50 
12.1S 

Genu. 
11.07 
11.8S 

Cents, 
10.35 
11.91 

Onti, 
11.38 
11.96 

Omtf. 
lass 

11.64 

Omcs. 

11.41 

n.st 
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Tabub  X. — Current  freight  rates  on  cotton,  unootnpreaaed,  in  centM  per  100 

pounds,  July  19,  1916. 


To- 

Fiom— 

VorMk, 
Va. 

WHm  tag- 
tan,  N.C. 

Or«cn9- 
boro,N.C. 

Chir- 
lott^N.C. 

Charla- 
tan, 8.  C. 

Almki*     X 

OenU. 
30 
44 

40 
89 
40 
48 
37 
35 
48 

% 

39 
80 
17 
43 
89 
40 
44 
35 
89 
44 
20 
44 
17 

Centt. 
80 
34 
18 
31 
34 
35^ 

•  76 
51 
26 
28 
40 
28 
17 
29 
82 
26 
44 

1? 

44 

20 
39 
19 

Ctntt. 
87 
29 
86 
34 
26 
27 
28 
88 
38 
80 

1 

35 

89.45 
28 
29 

19 
34 
26 
SI 
33 
38 
37 
30 

Omts. 
40 

OentM. 
45 

n^arkrttft                  .  .   . -  -  r  r 

44 

Ctarkton 

80 
89 
30 
13 
40 
38 
16 

S» 

87 

38 

40 

31.2 

33 

37 

18 

89 

36 

18 

38 

19 

40 

37 

40 

rifnton ^ r 

40 

32 

Gastonia 

61 

Gotdsboro 

40 

JwrVwprfl^iA ... 

40 

fiTlriM  Monntain  ......  r r . 

51 

K'InStOP            

46 

lAurinbnrg^...^^..^^.. .  ^ ..  .u 

35 

NftShvillA 

45 

New  B«nie 

46 

it«#iinr4      X                                             

42 

l^ft^Fh 

46 

81 

ssL^Sj^ :"':"*: 

44 

JWrtJnnJ'Nfrk    ..            

45 

40 

9tat«sville 

51 

Tarboro 

45 

Wadesboro 

81 

Wtwhington 

45 

Witoon-TT.... 

40 

•  Applies  per  bale  of  500  xwimds  or  less;  bales  weighing  over  500  pounds  will  be  charged  f6r  In  proportion. 

The  freight  rates  from  all  the  primary  markets  studied  in  this 
investigation  to  Nprfolk,  Va.,  and  all  other  concentration  points 
affecting  these  markets  are  given  in  Table  X.  Considering  the 
fact  that  those  points  having  tiie  highest  freight  rates  are  nearer 
to  markets  other  than  Norfolk  and  in  practically  all  cases  ship  to 
them,  there  appears  to  be  an  advantage  of  about  $1  per  bale,  after 
deducting  brokerage  and  other  charges  in  shipping  to  Norfolk. 

A  comparison  of  all  sales  of  cotton  classed  for  producers,  made 
in  Norfolk  during  the  seasons  of  1914-15  and  1916-16,  with  the 
quotations  of  that  market  for  the  dates  on  which  these  sales  were 
made,  shows  that  actual  sales  made  at  that  point  were  uniformly 
about  11  points  higher  than  the  quotations.  However,  the  figures  do 
not  in  every  instance  show  that  the  basis  price  on  sales  was  higher 
than  the  quotations,  but  that  frequently  the  price  was  raised  by  the 
use  of  better  differences  than  those  quoted. 

Indiscriminate  shipping  to  Norfolk  is  not  recommended,  as  it 
probably  would  not  be  profitable  unless  the  farmer  knew  the  class 
of  his  cotton.  Farmers  who  knew  the  class  of  their  cotton  and 
dipped  to  Norfolk  were  fortimate  in  the  sale  of  their  cotton.  Since 
this  city  quotes  what  is  supposed  to  be  the  daily  prevailing  price, 
tiie  shippers  were  able  to  refuse  offers  which  they  knew  were 
not  in  accordance  with  current  quotations.  As  an  example,  one 
farmer  who  had  class  cards  shipped  45  bales  to  a  broker,  with 
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instructions  that  offers  be  submitted  to  him  before  the  sale  was  made^ 
•The  broker  called  him  on  the  telephone  late  one  afternoon,  after  all 
exchanges  had  closed,  and  advised  that  he  was  offered  7f  cents  a 
pound  for  the  lot.  The  farmer  told  the  broker  that  he  knew  the  lot 
would  run  a  few  points  on  Middling  and  that  as  the  market  was 
quoting  Middling  at  8  cents  he  felt  that  he  should  at  least  receive  that 
price.  The  next  morning  the  farmer  received  a  check  covering  the 
sale  of  the  cotton  at  8  cents.  Thus  a  difference  of  about  $1.88  per 
bale,  or  $85  for  the  lot,  was  obtained  which  undoubtedly  would  have 
been  lost  to  this  farmer  if  he  had  not  been  informed  as  to  the  class 
of  his  cotton. 

COMPARISON  OF  SMALL  AND  LARGE  LOT  SALES. 

A  study  of  all  comparable  large  and  small  lot  sales  shows  that  the 
producers  who  sold  in  large  lots  secured  higher  prices  than  the  pro- 
ducers who  sold  only  one  or  two  bales  at  a  time.  For  the  season  of 
1914-15  a  comparison  of  prices  received  for  lots  containing  10  or 
more  bales'  with  the  average  price  received  for  single  bales  of  the 
same  grades  sold  on  the  same  date  shows  an  average  difference  in 
favor  of  the  larger  lots  of  29  points,  or  $1.45  per  bale.  Sixteen  large 
lots,  comprising  867  bales,  were  used  in  this  comparison,  the  lots 
ranging  from  10  to  168  bales. 

For  the  1915-16  season  a  comparison  of  lots  ranging  from  20  to 
159  bales  showed  a  difference  of  17^  points,  or  $0.85,  per  bale  for  the 
larger  lots.  The  data  compiled  showed  that  there  was  no  appreciable 
difference  in  prices  between  the  sale  of  20-bale  lots  and  those  contain- 
ing 50  or  more. 

There  seem  to  be  two  principal  reasons  for  the  increased  price 
which  large  lots  usually  bring,  one  being  the  natural  tendency  of  the 
buyer  to  grade  the  large  lot  carefully  and  buy  it  at  a  smaller  profit  per 
bale  than  he  would  the  single  bales,  and  the  other  being  the  induce- 
ment to  the  large  producer,  if  he  did  not  receive  an  offer  in  keeping 
with  his  grades,  to  ship  his  cotton  to  a  point  where  he  could  obtain 
competitive  offers.  Such  an  opportunity  is  not  usually  open  to  the 
man  with  one  or  two  bales. 

It  appears  conclusive,  therefore,  that  there  is  a  material  advantage 
in  selling  in  reasonably  large  lots.  This  fact  should  be  borne  in  mind 
by  cotton  producers,  as  an  increased  price  generally  can  be  secured 
without  serious  inconvenience  to  individuals.  Cooperative  selling 
organizations  will  best  meet  this  need  and  are  recommended.  How- 
ever, farmers  who  are  unable  to  perfect  organizations  of  this  char- 
acter in  their  neighborhood  can  undoubtedly  secure  higher  prices 
merely  by  selling  together. 
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ormm  advantages  derived  from  a  knowledge  of  class. 

Among  the  other  advantages  derived  from  a  definite  knowledge  of 
grade  before  sale  it  was  observed  that  such  knowledge  was  of  consid- 
erable importance  in  settlements  between  landlords  and  tenants,  in 
that  it  formed  an  equitable  basis  for  adjustment  when  the  rent  notes 
called  for  a  certain  number  of  pounds  of  a  designated  grade.  Mer- 
chants who  had  not  handled  sufficient  cotton  to  become  proficient 
classers  were  able  to  use  the  class  cards  to  advantage  in  the  purchase 
and  sale  of  cotton. 

Data  compiled  indica^ied  that  at  markets  where  classed  cotton  was 
sold  the  price  of  unclassed  cotton  was  approximately  10  points,  or 
60  cents,  per  bale  higher  than  it  was  in  ma^rkets  where  no  classing 
was  done.  This  fact  has  an  important  bearing  upon  the  amount  of 
money  that  has  been  saved  to  the  cotton  producers  of  North  Carolina 
during  the  seasons  of  1914-15  and  1915-16. 

CONCLUSIONS. 

The  samples  of  cotton  which  were  graded  and  stapled  during  the 
1914-16  and  1915-16  seasons  showed  an  average  grade  for  the  two 
seasons  of  slightly  above  Middling.  The  use  of  more  modem  gins, 
especially  in  the  Coastal  Plain  section,  would  raise  the  average 
grade  produced  in  the  State.  The  fact  that  only  3^  per  cent  of  the 
cotton  in  the  bales  sampled  was  less  than  |  of  an  inch  in  length  of' 
staple  should  be  of  great  importance,  since  according  to  the  United 
States  cotton  futures  act  f  of  an  inch  is  the  shortest  length  tender- 
able  on  future  contracts. 

The  producers  of  North  Carolina  are  not  securing  the  advantage 
that  proximity  to  the  mills  should  give,  through  failure  to  produce 
the  lengths  of  staple  required  by  them.  Care  in  selecting  varieties 
for  planting  tends  to  improve  this  situation. 

Marketing  conditions  on  the  whole  are  better  in  the  Piedmont 
than  in  the  Coastal  Plain  section.  The  grade  and  staple  of  indi- 
vidual bales  are  given  reasonable  consideration  in  the  purchase  of 
cotton  in  the  Piedmont  section,  although  inadequate  premiums  are 
paid  for  the  higher  grades.  In  the  Coastal  Plain  section  practically 
no  distinction  in  price  is  made  by  the  buyers  between  bales  of  differ- 
ent lengths  of  staple. 

Sales  made  for  the  purpose  of  settling  accounts  are  at  a  higher 
rate  than  are  cash  sales  on  coinciding  dates  and  grades.  The  range 
of  prices  for  credit  sales  is  greater  than  the  range  of  prices  for  cash 
sales.  As  a  rule,  however,  this  is  not  the  economic  gain  that  it  ap- 
pears, as  the^  fact  undoubtedly  is  taken  into  consideration  in  setting 
the  price  at  which  the  goods,  represented  by  the  account,  are  sold. 
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It  appears  from  the  investigation  that  the  average  producer  who 
knew  the  class  of  his  cotton  obtained  about  $1.15  per  bale  more  than 
the  farmer  who  was  not  furnished  such  information.  Should  this 
hold  true  for  the  whole  crop,  the  producers  of  North  Carolina  would 
save  over  a  million  dollars  by  having  their  cotton  classed  before  they 
sell  it.  Counties  which  produce  five  thousand  or  more  bales  would 
probably  find  it  practicable  and  financially  worth  while  to  take  ad- 
vantage of  benefits  of  the  State  grading  law  referred  to  in  the  foot- 
note on  page  2. 

The  relative  value  of  different  grades  and  lengths  of  staple  is 
more  nearly  approximated  in  the  sale  of  cotton,  the  class  of  which 
is  known  to  the  producer,  than  in  the  sale  of  unclassed  cotton.  It 
is  reasonable  to  suppose  that  when  the  farmer  is  assured  that  his 
cotton  is  accurately  and  impartially  classed  and  bought  as  classed, 
he  will  appreciate  the  advantage  of  exercising  greater  care  in  choos- 
ing the  variety  to  be  planted  and  also  more  care  in  the  picking  and 
handling  in  order  to  improve  the  grade  and  staple  so  that  he  may 
receive  the  premium  which  the  superior  product  will  bring. 

Producers  who  sold  in  lots  containing  ten  or  more  bales  obtained 
from  88  cents  to  $1.45  per  bale  more  than  the  producers  who  sold 
one  or  two  bales.  Classing  is  only  the  first  step  and  pooling  or 
selling  organizations  should  be  formed  if  the  full  benefits  of  classing 
are  to  be  realized. 

Norfolk,  Va.,  seems  an  advantageous  market  for  certain  towns  in 
eastern  North  Carolina,  provided  the  shipper  knows  the  class  of  his 
cotton.  If  the  farmer  does  not  know  the  value  of  his  product,  he 
is  not  only  incompetent  to  dispose  of  it  locally  in  an  intelligent 
majmer  but  is  also  unable  to  tell  whether  he  is  receiving  full  value 
if  he  sells  it  at  a  distant  market. 

Accurate  knowledge  of  the  grade  of  bales  enables  merchants  who 
buy  cotton  in  settlement  of  accounts  to  pay  the  individual  farmer 
more  nearly  what  his  particular  cotton  is  worth  and  to  secure  better 
prices  for  themselves  when  selling. 

The  sale  of  classed  cotton  at  a  primary  market  increased  the  price 
paid  for  undassed  cotton  sold  at  that  market  about  10  points,  or  50 
cents  per  bale. 

Investigations  conducted  in  Arkansas  by  the  Office  of  Markets  and 
Rural  Organization  during  the  1913-14,  1914-15,  and  i915-16  sea- 
sons corroborate  the  conclusions  drawn  in  this  bulletin  as  to  the 
value  of  a  knowledge  of  the  class  of  cotton  before  sale  and  the  ad- 
vantages derived  from  selling  in  large  lots. 
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PUBUCATIONS  OF  U.  S.  DEPARTMENT  QF  AGRICULTURE 
RELATING  TO  MARKETING  OF  COTTON. 

AVAILABLE  FOR  FREE  DI8TBIBUTI0N  BT  THE  DEPARTMENT. 

Studies  of  Primary  Cotton  Market  Gonditions  in  Oklahoma.      (Department 

BuUetin  Sa) 
Relation  of  Cotton  Buying  to  Cotton  Growing.     (D^artment  Bulletin  60.) 
Economic  Conditions  in  Sea  Island  Cotton  Industry.    (Department  Bulletin  146.) 
Cotton  Warehouses:  Storage  Facilities  now  Available  in  the  Soutfe.     (Depart- 
ment Bulletin  216.) 
Cotton  Warehouse  Construction.     (Department  Bulletin  277.) 
Disadvantages  of  Selling  Cotton  in  the  Seed.    (Department  Bulletin  375.) 
Relation  Between  Primary  Market  Prices  and  Qualities  of  Cotton.     (Depart- 
ment Bulletin  457.) 
Cotton  Ginning  Information  for  Farmers.     (Farn^ers'  Bulletin  764.) 
Losses  from  Selling  CJotton  in  the  Seed.     (Farmers*  Bulletin  775.) 
Cotton  Improvement  on  a  Community  Basis.     (Separate  579  from  Yearbook 

1911.) 
Improved  Methods  of  Handling  and  Marketing  Cotton.     (Separate  605  from 
Yearbook  1912.) 

FOR  SALE  BT  THE  SUPERINTENDENT   OF  DOCUMENTS,   GOVERNMENT  PRINTING 
OFFICE,  WASHINGTON,  D.  C. 

Cotton,  the  Greatest  of  Cash  Crops.     (Department  Circular  32.)     Price,  5  cents. 
Controlling  Boll  Weevil  in  Cotton  Seed  and  at  Ginneries.     (Farmers*  Bulletin 

209.)     Price,  6  cents. 
Profitable  C!otton  Farm.    (Farmers*  Bulletin  364.)    Price,  6  cents. 
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MARKETING  AND  DISTRffiUTION  OF  STRAW- 
BERRIES IN  1915. 

By  O.  W,  SoHLBiTssKBR  and  J.  C.  Gilbert,  Assistants  in  Market  Surveys. 
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INTRODUCTION. 

During  the  season  of  1915  the  Office  of  Markets  and  Rural  Organ- 
ization of  the  Department  of  Agriculture  conducted  an  experimental 
market  news  service  for  strawberries,  tomatoes,  muskmelons,  and 
peaches.  This  involved  securing  telegraphic  reports  of  shipments 
of  these  products  from  all  originating  common  carriers,  and  reliable 
reports  of  arrivals  and  prices  of  these  products  on  the  principal 
markets.  This  information  was  distributed  free  to  growers  and 
shippers  by  mail  or  by  wire  ** collect"  as  desired. 

In  connection  with  this  service,  extensive  surveys  were  made  of 
the  principal  shipping  areas  of  each  of  these  crops  and  a  representa- 
tive of  the  office  was  stationed  in  one  or  more  of  the  centers  of  pro- 
duction of  each  during  the  commercial  movement  to  distribute 
direct  to  the  producers  all  the  market  news  at  the  command  of  the 
department. 

The  text  of  this  bulletin  is  based  upon  observations  made  by  the 
authors  at  shipping  points,  and  by  members  of  the  staff  working  in 
the  markets.  The-  charts  showing  distribution  are  based  upon 
reports  furnished  by  wire  during  the  shipping  season  by  the  railroads 
and  boat  lines  handling  important  carload  movements. 

The  tabulation  of  shipments  by  stations  is  compiled  from  the 
records  of  the  various  carriers  as  transmitted  to  the  department  at 

NaTS.~Th{8  bulletin  is  of  interest  to  strawberry  growers,  shippers,  transportation  companies,  and 
HKomin,  and  to  all  engaged  hi  the  trade  in  berries  and  fruits. 
«7»*— BuU.  477-17 1 
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the  end  of  the  season  and  is  admittedly  somewhat  incomplete.  It 
includes  practically  no  shipments  of  less  than  full  carloads  and  in 
many  cases  the  exact  records  of  the  business  of  certain  stations 
could  not  be  obtained.  Only  a  few  carriers  of  importance  in  the 
interstate  shipment  of  strawberries  have  failed  to  make  any  report 
of  their  business.  The  figures  on  pages  27  to  32  are  therefore  fairly 
comparable  with  those  for  lOH^publishedin  DepartmentBulletm237.' 
An  exception  should  perhaps  be  made  in  the  cases  of  California 
and  WfiLshington,  for  later  information  leads  to  the  belief  that  a  number 
of  the  cars  reported  shipped  from  stations  in  these  States  in  1914  were 
probably  less  than  carload  shipments.  Furthermore,  the  movement 
from  one  important  section  of  California  was  largely  by  boat  in  1915 
and  no  record  has  been  obtained,  whereas  this  area  furnished  a  large 
part  of  the  movement  as  reported  by  the  railroads  in  1914.  The 
berries  handled  by  electric  lines  which  do  not  move  in  standard  car- 
loads also  constitute  an  element  of  uncertainty. 

METHODS  EMPLOYED  IN  DEALING  WITH  STRAWBERRY  PICKERS. 

As  the  shipment  of  strawberries  over  long  distances  has  developed 
to  the  proportions  of  an  important  specialized  industry,  the  problems 
of  marketing  have  grown  in  number  and  complexity.  Satisfactory 
quality  on  arrival  in  the  distant  market  is  impossible  without  a  well- 
organized  picking  force  of  sufficient  size  to  gather  daily  the  berries 
which  are  ready  for  shipment.  Irregularity  in  picking  is  almost  sure 
to  result  in  the  shipment  of  many  overripe  berries,  which  cause  serious 
deterioration  before  they  reach  the  consiuner. 

The  demand  for  pickers  is  so  great  in  some  sections  that  large 
niunbers  of  pickers  are  brought  in  for  the  season.  A  few  rainy  days 
after  the  height  of  the  picking  is  reached  at  a  specific  point  may  cause 
a  migration  of  pickers  to  points  farther  north,  thus  curtailing  the 
total  output  of  a  large  shipping  area.  Serious  losses  may  be  suffered 
on  individual  crops  even  when  the  general  supply  of  pickers  is 
adequate. 

A  study  of  the  whole  picking  problem  is  therefore  an  important 
part  of  the  analysis  of  the  marketing  situation  in  any  section,  and 
any  suggestions  based  upon  successful  experience  in  dealing  witli 
pickers  shoidd  be  of  value. 

The  market  quality  of  the  beiries  depends  very  largely  upon  the 
knowledge  and  integrity  of  the  pickers,  who  are,  in  most  cases,  paid 
for  the  quantity  of  berries  which  they  deliver  to  the  packing  shed. 

1  See  Sherman,  W.  A.,  Walker,  H.  F.,  and  Schleussuer,  O.  W.  Strawberry  Buppij  and  DiBtribatkm  in 
1914.   U.S.  Department  of  AgrioiiltureBaltoUn  237. 
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Under  these  conditions  there  is  often  a  tendency  on  the  part  of  the 
pickers  to  do  unsatisfactory  work. 

Various  methods  of  handUng  pickers  were  observed  during  the  1915 
season,  the  m'>st  satisfactory  of  which  included  a  'Afield  boss/'  who 
assigned  each  picker  certain  rows,  and  who  continually  supervised 
them  to  see  that  they  harvested  only  berries  of  the  proper  degree  of 
maturity,  and  that  care  was  exercised  in  handling  both  the  berries 
and  the  vines.  The  grower  was  also  represented  at  the  packing  shed 
by  a  *  ticket  giver,"  who  passed  upon  tiie  acceptability  of  the  berries 
delivered,  and  who  credited  the  picker  for  work  done.  The  field 
inspection  when  efficient  usually  reduced  the  work  at  the  receiving 
shed  to  a  mere  recording  of  the  amoimts  delivered  by  each  picker. 

Different  growers  have  worked  out  various  schemes  for  keeping 
their  accotmts  with  pickers.  In  some  locahties  it  is  the  practice  to 
give  them  small  printed  tickets  indicating  the  number  of  quart  or 
pmt  boxes  delivered.  These  are  afterwards  exchanged  for  tickets 
representing  a  case  each,  which  are  redeemed  in  cash  once  a  week. 
In  one  district  growers  use  small  metaUic  checks  furnished  by  store- 
keepers, who  accept  these  checks  in  trade  at  any  time,  if  so  desired. 
These  checks  were  also  redeemable  by  the  grower  in  cash  each  week. 

In  one  section  the  use  of  a  punch  ticket  appears  to  combine  the 
best  qualities  of  the  small  tickets  and  checks,  with  the  added  advan- 
tage of  establishing  the  ownership  of  the  ticket  in  case  it  should  be 
lost.  This  ticket  is  reproduced  in  figure  1.  A  promise  to  pay  a 
bonus  to  the  picker  if  he  is  always  available  for  work  during  the 
mike  season  is  printed  on  its  face  and  tends  to  insure  the  grower  a 
regular  supply  of  help  upon  which  he  can  depend.  It  is  probable 
that  a  dependable  supply  of  workers  would  be  made  more  certain  if 
the  grower  were  to  guarantee  the  picker  a  minimum  number  of  work- 
ing days  within  the  limits  of  the  normal  harvesting  season. 

COOPERATIVE  ASSOCIATIONS. 

With  the  increasing  necessity  for  more  elaborate  methods  of  dis- 
posal of  the  crop  than  those  practiced  by  the  small  individual  growers 
many  cooperative  marketing  associations  have  come  into  existence. 
Practicdly  every  important  producing  section  has  one  or  more  of 
these  associations.  In  some  areas — the  Louisiana  district  and  the 
southwest  Missouri  district,  for  instance — a  number  of  different 
organizations  have  developed  because  of  a  divergence  of  interests,  or 
on  racial  lines. 
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FiQ.  1.— Ticket  used  by  strawberry  pickers. 
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these  organizations  have  relieved  the  grower  of  most  of  the  details 
disposal  of  his  crop,  and  m  many  cases  have  undertaken  the 
lit  responsibility  of  securing  a  sufficient  quantity  of  suppUes  of 
er  quality,  such  as  berry  plants,  fertilizers,  crates,  and  boxes, 
associations  even  maintain  a  labor  bureau  for  securing  help 
the  harvesting  season.     The  success  of  such  a  cooperative  or- 
sition  depends  upon  the  imited  efforts  of  all  members  to  maintain 
d^ree  of  efficiency  and  so  to  frame  the  requirements  of  the 
inization  that  those  composing  it  will  feel  the  responsibility  of 
membership. 

some  cases,  by  concerted  action,  a  number  of  local  organiza- 
have  secured  a  high  degree  of  imiformity  m  the  grade  and  pack 
lie  berries. 

associations  do  not  perform  the  same  functions  for  their  mem- 
B,  as  some  of  them  take  the  entire  responsibiUty  for  the  disposal  of 
I  crop,  and  others  only  load  cars  which  are  consigned  to  various 
in  the  markets  as  designated  by  the  growers.  Some  associa- 
practically  pay  cash  for  berries  deUvered,  and  others  do  not. 
ious  methods  of  handling  the  business  of  the  association  have  been 
|rked  out  to  meet  the  requirements  of  the  different  types  of  busi- 
carried  on.*  Different  associations  have  developed  different 
;  of  receipts  to  be  given  the  growers  for  berries  deUvered.  A  few 
liese  typical  forms  are  shown  on  pages  6  and  7. 

2  is  the  .type  of  receipt  used  by  an  association  which  sold 

on  track  at  the  loading  point  to  representatives  of  northern 

olesale  houses.     Under  these  conditions  the  prices  for  the  different 

les  and  varieties  are  usually  established  by  noon  each  day,  and  as 

^  berries  are  not  delivered  at  the  cars  imtil  afternoon  or  evening, 

price  can  be  indicated  on  the  receipt  when  it  is  issued  to  the 

Dwer. 

1 3  is  the  form  used  in  a  locaUty  where  the  association  does  not 

dertake  the  sale  of  the  berries.     In  1916  this  association  purchased 

pplies  for  its  members,  arranged  with  the  railroad  for  an  adequate 

pply  of  iced  cars,  and  kept  a  record  of  the  berries  shipped  and  of  the 

aes  of  the  firms  receiving  them.     The  actual  disposal  of  the  berries 

\  arranged  for  by  the  grower,  who  dealt  directly  with  the  represen- 

ives  of  the  wholesale  houses  in  the  single  market  to  which  all  berries 

this  section  go.     The  grower  made  out  his  receipt  in  duplicate, 

one  copy  to  the  bookkeeper,  who  made  out  the  car  manifests. 

were  used  as  delivery  sheets  by  the  agent  in  the  market,  who 

livered  the  different  lots  of  berries  to  the  various  consignees  as 

lested  by  the  growers.     Such  an  arrangement  as  this  is  possible 

ly  where  all  berries  are  sold  on  consignment. 

I  Nahsloll,  O.  A.,  and  Kerr,  W.  H.    A  System  of  Accounting  for  CooperatlTe  Fruit  Associations. 
.  Depi.  Qi  Agrtoulture  Bui.  225, 1015. 
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County  Strawberry  Growers  Assn. 

INOOBPORATBD. 

,1»1... 

Received  of 

Ozower'8  name. 

CRATES.                 GRADE. 
Aroma.    3X       @ 9 

_  _ Aromft     2X       @ f x . . . .  . 

_ G«ndy.    3X       @. ...............    f 

Gandy.    2X       (S $-•. 

Klond.     3X       @ 9 

Klond.     2X       @ $ 

CrAffifi,    T"ti^1  Amt.                              f 

•  Less  6i^  Der  crate  oom.                                     S 

NetBalance    1 

Car  No 

,  Manager. 

FxQ.  2.— Receipt  used  by  cooperative  association  for  strawl>eiTies  delivered  by  groweis. 
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,19... 

From 

Grower's  name. 

OoDflignees. 

No.  packages. 

Size. 

Kinds. 

To 

Oar  No 

■    1 

Fio.  3.— Receipt  used  by  cooperative  association  for  strawberries  delivered  by  growers. 


Grower's  Shipping  No. 


Date ,191... 


Reckipt  No.  4451. 

08886  24  Boxes  Strawbories  graded  A  No 

"      BNo 

Loaded  in  Oar  No Initial  of  Car 

No.  of  Cases  rejected 

No.  Oases  transferred  to  car No.  Cases  transferred  from  car. 


.,  Inspector. 


Fio.  4.~RooBipt  used  by  cooperative  association  for  strawberries  delivered  by  growers. 
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Figure  4  is  typical  of  the  forms  used  by  associations  which  assume 
responsibiUty  for  assembling  and  disposing  of  the  berries.  This  par- 
ticular form  provides  for  the  contingency  of  transfers  of  cases  fiom 
one  car  to  another  in  order  to  fill  orders  for  certain  varieties.  This 
receipt  also  has  the  desirable  feature  of  attaching  responsibiUty  for 
inspection  to  a  particular  inspector.  Such  features  are  foimd  help- 
ful in  securing  better  grading  and  packing. 

The  expenses  of  the  association  which  the  grower  necessarily  must 
bear  consist  of  a  few  well-defined  items,  namely:  First,  salaries  for  the 
manager,  sales  manager  or  other  oflBcers,  the  inspectors,  and  any 
other  necessary  help;  second,  rental  of  or  taxes  on  loading  sheds, 
and  depreciation  of  property,  such  as  loading  sheds,  oflSces,  etc.; 
third,  stationery,  postage,  telegrams,  and  other  miscellaneous  items. 
The  necessary  money  is  secured  either  by  chai^ng  the  grower  a  fixed 
sum  per  crate  of  berries  or  a  certain  percentage  of  the  gross  returns, 

SALES  METHODS  COMMONLY  EMPLOYED. 

Under  all  present  systems  of  doing  business  it  appears  necessary 
that  the  large  operators  station  their  representatives  in  the  producing 
areas  in  order  to  deal  with  the  association  mimager  or  the  individual 
grower,  as  the  case  may  be.  Apparently  both  buyers  and  growers 
find  it  most  satisfactory,  under  present  conditions,  to  do  business  by 
this  method.  However,  with  estabUshed  grades  and  standards  for 
berries  and  an  impartial  inspection  service  conducted  by  some  dis- 
interested party,  it  is  possible  that  buyers'  and  soHcitors'  salaries 
and  traveling  expenses  might  be  saved.  In  some  instances  the  rep- 
resentatives of  the  wholesale  houses  act  entirely  as  cash  buyers, 
while  in  other  instances  they  solicit  consignments  and  endeavor  to 
secure  the  quality  and  variety  of  berries  desired  by  their  firms. 

TRANSPORTATION. 

So  vital  is  the  service  of  the  railroad  and  refrigerator-car  com- 
panies to  the  soft-fruit  business  that  any  discussion  of  marketing 
strawberries  woidd  be  incomplete  without  mention  of  railroad  method 
and  equipment.  At  various  points  during  the  1915  season  it  was 
observed  that  each  road  dealt  with  the  shippers  according  to  the 
demands  of  the  local  situation  rather  than  according  to  any  fixed 
program. 

All  service  which  a  raihoad  may  oflFer  must  of  necessity  be  based 
on  pubUshed  tariffs,  and  whether  the  railroad  assumes  all  or  little 
responsibility,  there  must  be  a  tariff  provision  which  covers  the  it^ms. 
The  railroad  agent  deals  with  the  shippers,  either  as  individuals  or 
associations,  and  they  must  negotiate  through  him  for  service  in 
distributing  the  berry  crop.  In  the  locaUties  where  the  volume  of 
shipments  is  large,  the  railroads  usually  have  provided  adequate 
faciUties  for  the  handling  of  berries. 
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In  one  instance  it  was  noted  that  where  there  was  competition 
for  the  tonnage  the  roads  provided  splendid  faciUties  for  handhng  the 
berries,  icing  the  cars,  and  instiling  rapid  movement  to  destinations. 
At  another  point  served  exclusively  by  one  of  the  same  roads  no 
faciUties  were  provided,  except  the  right  to  load  cars  on  the  team 
tracks  near  the  station.  At  the  particular  competitive  station 
referred  to  the  railroads  even  took  over  the  loading  and  bracing  of 
the  cars,  and  assumed  responsibility  for  the  condition  of  the  load 
on  arrival.  At  several  noncompetitive  stations  visited,  however,  the 
shipper  did  all  the  loading,  stripping,  and  bracing  in  the  cars  and 
paid  all  costs  connected  with  these  operations.  At  most  shipping 
stations  where  observations  were  made  the  railroads  or  the  refriger- 
ator-car lines  did  the  initial  icing  of  the  cars  and  made  arrangements 
for  all  necessary  icings  in  transit. 

A  STUDY  OF  THE  LOUISIANA  DISTRICT. 

One  of  the  authors  was  stationed  in  the  Louisiana  strawberry  dis- 
trict during  the  active  shipping  season  of  1915  to  distribute  tele- 
graphic market  news  and  to  study  distribution  problems  there.  The 
office  did  not  have  an  opportunity  to  make  studies  in  similar  detail 
elsewhere  during  that  season. 

HISTORY. 

The  Louisiana  district  is  one  of  the  most  important  commercial 
strawberry-growing  districts  in  the  United  States.  Probably  no 
area  of  equal  size  produces  a  larger  quantity  of  berries.  The  entire 
district  is  confined  to  the  parish  of  Tangipahoa,  the  production  area 
being  located  on  both  sides  of  the  line  of  the  HUnois  Central  Railroad 
from  Ponchatoula  to  Amite  City,  a  distance  of  2.0  miles. 

The  industry  is  very  important  locally,  many  of  the  farmers  being 
almost  entirely  dependent  upon  the  strawberry  crop  for  their  cash 
income.  Its  importance  is  illustrated  by  the  fact  that  in  one  town 
the  school  year  is  so  arranged  that  the  vacation  comes  at  the  time 
of  the  strawberry  harvest,  leaving  the  children  free  for  berry  picking. 

The  time  of  shipment  of  the  Louisiana  crop  also  makes  it  of  pecu- 
liar interest  to  the  dealer  and  consumer,  as  it  is  the  first  region  shipping 
strawberries  largely  in  carloads,  the  season  normally  beginning 
about  April  1. 

The  industry  has  been  in  existence  for  many  years,  but  only 
since  1910  has  it  grown  to  considerable  proportions.  During  the 
early  years  Chicago  was  the  sole  market,  and  this  city  still  takes  a 
heavy  supply.  However,  in  the  1915  season  more  than  60  markets, 
scattered  from  Boston  to  Seattle,  were  reached,  thus  giving  the  crop 
a  wider  distribution  than  that  from  any  other  section,  and  making  it 
a  matter  of  national  interest. 
62735°— BuU.  477—17 2 
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MAKKET1NG  ABSANGBMBNTS. 

The  strawberry  growers  in  Louisiana  are  well  organized,  practically 
all  being  members  of  local  shipping  associations.  In  fact,  there  are 
frequently  two,  three,  or  even  four  such  associations  at  one  station. 
There  seems  to  be  a  rather  unnecessary  duplication  of  selling 
expense  by  reason  of  the  operation  of  several  associations  at  ship- 
ping points  where  the  business  is  so  limited  that  all  of  it  could  easily 
be  handled  by  one  association  at  a  smaller  cost. 

The  northern  houses  usually  send  a  large  number  of  buyers  to  the 
district  during  the  car-lot  movement,  and  sales  are  made  on  a  cash 
f.  o.  b.  shipping-point  basis,  inspection  being  made  and  acceptance 
being  taken  before  the  cars  move.  In  general,  this  method  has 
proved  satisfactory.  At  Ponchatoula  practically  all  cars  are  sold  at 
public  auction.  As  this  point  has  the  reputation  of  producing 
superior  berries,  the  auction  has  worked  satisfactorily.  It  is  unique 
in  that  it  is  the  only  point  in  the  United  States,  so  far  as  is  known, 
where  full  carloads  of  strawberries  are  sold  at  auction. 

The  association  charge  for  selling  berries  usually  is  5  cents  per 
crate,  a  refund  generally  being  made  to  the  growers  after  expenses 
are  paid.  A  considerable  portion  of  the  crop  is  handled  by  a  dis- 
tributing company  for  the  account  of  local  associations,  a  fixed 
charge  being  made  for  this  service. 

•  A  very  essential  feature  of  the  work  of  the  local  associations  is  the 
financing  of  the  growers  by  supplying  them  with  fertilizers,  feed, 
crate  material,  etc.  The  purchase  of  supplies  through  the  local 
associations  is  especially  important  in  Louisiana,  and  this  form  of 
association  activity  is  growing. 

QUAUTT  AND  PACK. 

In  general,  Louisiana  berries  enjoy  a  fairly  good  repiitation  for 
quality  and  pack.  Varieties  are  fairly  well  standardized,  and  when 
weather  conditions  have  been  favorable,  deterioration  in  marketing 
has  not  been  excessive.  In  certain  seasons,  when  the  weather  has 
been  unfavorable,  the  losses  from  deterioration  have  been  heavy. 

Berries  usually  are  carried  from  the  field  to  the  packing  shed  in 
picking  trajrs,  and  are  there  packed  in  boxes.  While  the  packing 
probably  is  as  good  as  in  most  shipping  sections,  there  is  urgent  need 
for  improvement.  A  number  of  cars  noted  by  the  market  reporters  of 
the  office  showed  very  slack  pack.  One  car  in  Pittsburgh  was  exam- 
ined and  the  cups  were  f  oimd  to  be  barely  half  full.  Several  dealers  were 
arrested  in  that  city  for  selling  these  short-measure  cups  of  berries. 

Two  types  of  crates  are  in  use,  the  imventilated  (HaUock)  with 
solid  sides,  and  the  ventilated  (Dahlstrom)  with  slatted  sides.  Care- 
ful examination  on  the  Chicago  market  showed  that  the  berries 
packed  in  the  ventilated  crates  consistently  arrived  in  better  con- 
dition, although  in  a  few  exceptional  cases  the  reverse  was  true. 
Labels  were  used  in  1915  for  the  first  time.  Wholesalers  interviewed 
expressed  themselves  as  pleased  with  the  labeUng  of  the  crates  and 
believed  it  added  to  the  selling  value. 
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SHIPPING. 

Most  of  the  Louisiana  crop  is  shipped  in  express  cars.  These  ship- 
ments generally  have  carried  better  than  freight  shipments,  have 
given  better  satisfaction,  and  consequently  have  sold  at  consistently 
better  prices. 

The  distribution  of  freight  and  express  cars  from  the  Louisiana 
district  in  1915  to  all  markets  is  shown  in  Table  1. 

Tablb  1. — Destination  points  of  berry  can  shipped  from  the  Louisiana  district,  season 

1915. 


Destinatimi. 


Aberdeen,  S.  Dak... 

Bloominffton,  ni 

•Boston,  Sfass 

Bridgeport,  Conn 

♦Biiflalo,N.Y 

Barlini?tan,  Iowa 

C^teary.  Alberta 

Ceoar  Rapids.  Iowa. . 

Champaign,  ni , 

*ChiMgo,lll 

Cincinnati,  Ohio 

dereland.  Ohio 

Cotincfl  Bluffs,  Iowa.. 

DaTenport,  Iowa. . . . , 
W.Colo. 


•Denver,  Vyv«, 

•Des  Ifomes,  Iowa. 

•Detroit,  Mich 

Dolatli,  Minn 

EastSt.  Louis,  111.... 

Elfinjn 

E3B,Pa 

FarsOiN.  Dak 

Fort  w  ayneu  Ind 

Preemont,  Kebr 

Freeport,iU 

Grand  Island,  Nebr. . 
Grand  Rapids,  Mich.. 
Hastings,  Nebr. 


•bniianapQlis.  Ind. . 
Jamestown,  N.  Y. , 


•Kansas  City,  Mo. 

Lafoyett^Ind... 

Lincoln,  Nebr... 

Louisville,  Kv... 
•MOwaokee,  Wto. 


Freight 

cars. 


1 

1 

855 


Express 
cars. 


7 
1 
1 
292 
1 
5 
1 
2 
18 
18 
21 


3 
5 

1 
19 

1  i 
26 


Destination. 


•Minneapolis,  Minn .... 
•Montreal.  Canada 

MarshfleWLWis 

Mounds,  lu 

Muskogee,  Olcla 

NewYork,N.Y 

Oklahoma  City,  Okla.. , 
•Omaha,  Nebr , 

Ottawa,  Ontario 

Ottumwa.  Iowa 

Peoria,  ni 

Philadelphia,  Pa 

•Pittsburgh,  Pa 

Providence.  R.I 

Pueblo,  Colo 

Regina,  Saskatchewan.. 

Rockford.Ill 

St.  Joseph,  Mo , 

•St.  Louis,  Mo 

•St.  Paul^inn 

Seattle,  Wash 

Sioux  City,  Iowa 

Sioux  Falls.  8.  Dak 

South  Bond,  Ind 

Sprhigfleld,  Ohio 

Toledo,  Ohio 

Topeka,  Kans 

Toronto,  Ontario 

Tulsa,  Okla 

Waterloo,  Iowa 

Winnipeg,  Manitoba. . . 

Worcester,  Mass , 

Carbondale,  111 


Total. 


Freight 
cars. 


16 


536 


37 
25 


10 
7 

41 
1 
1 

10 
3 

26 
7 
1 
2 


2 

23 
22 
2 
12 
7 
1 


4 
1 

12 
3 


854 


•  Cities  used  over  15  cars  during  the  season. 

EXTENT,  LENGTH,  AND  VOLUME  OF  MOVEMENT  FROM  ALL  DISTRICTS. 

The  extent,  length,  and  volume  of  the  commercial. strawberry 
movement  of  the  various  important  districts  of  the  United  States, 
as  reported  by  telegraph  to  the  Office  of  Markets  and  Rural  Organi- 
zation, are  illustrated  in  figure  5.  This  chart  is  incomplete,  since 
omissions  were  noted  frequently  in  the  reports  received  from  the 
railroads  daily  by  telegraph.  Of  total  shipments  throughout  the 
United  States,  amounting  to  13,409  cars,  the  railroads  reported  by 
telegram  the  movement  and  destination  of  11,059^  cars,  or  82.5  per 
cent  of  the  total  as  furnished  from  their  records  at  the  end  of  the 
season.  The  reason  for  the  incompleteness  of  these  reports  may  be 
traced  to  the  fact  that  no  attempt  was  made  to  report  on  1.  c.  1.1 
movement  by  telegram.  When  the  sources  of  information  are  scat- 
tered and  reports  are  voluntary  and  without  compensation,  a  certain 
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number  of  errors  and  omissions  must  be  expected.  Physical  condi- 
tions made  it  impossible  to  secure  records  of  some  cars,  railroad 
records  in  some  cases  being  in  such  shape  that  it  was  impossible  to 
get  the  required  information.  However,  on  the  whole,  railroad  oflB- 
cials  cooperated  so  heartily  and  effectively  that  it  can^be  said  that 
the  reports  present  the  best  picture  of  the  proportionate-  movement 
from  different  sections,  the  extent  and  length  of  that  movement,  and 
the  volume  on  any  one  day,  that  has  yet  been  presented. 

The  reports  begin  with  the  opening  of  the  carload  season  in  Lou- 
isiana. Although  Florida  had  been  shipping  berries  in  "pony''  re- 
frigerators^ for  some  time  prior  to  this,  and  shipped  some  carloads  a 
short  time  after  the  Louisiana  movement  was  started,  at  the  time 
the  work  was  inaugurated  early  in  April  it  was  impossible  to  secure 
complete  reports  of  Florida  shipments. 

The  largest  shipment  made  in  any  one  day  from  any  one  section 
was  182  cars  from  the  Norfolk  section,  May  18.  The  same  section 
shipped  163  cars  May  22,  159  cars  on  May  24,  and  142  cars  May  19. 
The  Carolinas  made  the  next  largest  shipment,  140  cars  on  May  11, 
while  Norfolk  had  139  cars  May  27,  137  cars  May  25,  and  Tennessee 
136  cars  May  12  and  134  cars  on  May  13.  These  three  sections, 
which  are  among  the  heaviest  shipping  sections  in  the  United  States, 
were  at  their  height  at  practically  the  same  time. 

The  Delaware-Maryland  district,  which  is  also  a  heavy  shipper, 
was  very  fortunate  in  1915  in  that  it  escaped  practically  all  of  this 
very  severe  competition,  heavy  shipments  from  this  district  not  be- 
ginning until  May  25  and  continuing  until  June  19.  Early  local 
berries,  regarding  which  no  figures  are  available,  are  probably  heavy 
competitors  of  Delaware  and  Maryland  stock  in  the  northern  mar- 
kets, as  are  also  Jerseys.  The  chart  of  shipments  would  seem  to 
show  that,  of  the  northerly  districts,  the  Delaware-Maryland  section 
was  peculiarly  favored  with  desirable  market  conditions.  These  con- 
ditions were  reflected  in  the  satisfactory  prices  paid  on  the  markets 
for  Delaware  and  Maryland  stock  during  the  season. 

The  period  of  heaviest  shipments  for  the  whole  country  was  from 
May  10,  when  311  cars  were  shipped,  to  May  26,  when  296  cars  moved. 
During  this  period  there  were  only  four  days  when  less  than  275 
cars  were  moved,  while  this  number  was  never  reached  at  any  other 
time  during  the  whole  season.  On  May  23,  the  heaviest  shipping 
day  of  the  season,  401  cars  were  moved,  and  on  May  25,  400  were 
shipped.  The  third  largest  day  was  May  11,  with  384  cars.  While 
every  shipping  season  will  not  coincide  exactly  with  that  of  1915 
(that  season  being  a  trifle  late  in  the  southern  districts),  a  heavy 
berry  movement  between  approximately  the  same  dates  can  be  ex- 
pected each  year. 

1'  'Pony"  refrigerators  are  small  refrigerators  usually  holding  64  or  80  quarts,  aad  usually  thipped  by 
express. 
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CX)MPARISONS  OF  PRICES  RECEIVED  FOR  STRAWBERRIES  ON  IMPOR- 
TANT MARKETS. 

Figures  6  to  11  show  comparisons  of  the  jobbing  prices  for  berries 
from  various  sections,  on  the  New  York,  Pittsburgh,  Buffalo,  Chicago, 
St.  Louis,  and  St.  Paul 
markets  from  day  to  day. 
These  were  prepared  from 
the  telegraphic  reports  re- 
ceived from  the  markets 
during  the  season.  The 
low  and  high  prices  are 
represented  for  each  day, 
the  range  between  the  two 
being  blacked  in.  Where 
only  one  price  was  quoted, 
the  price  variation  from 
day  to  day  is  shown  by  a 
single  line.  On  days  when 
there  were  no  berries  from 
a  certain  section  on  the 
market  and  no  quotations, 
this  fact  is  shown  by  a 
dotted  line.  The  prices 
quoted  in  New  York  are 
per  quart,  and  those  quoted 
in  other  markets  are  per  24- 
quart  crate,  as  this  type  of 
crate  is  the  one  most  com- 
monly used  in  these  markets. 
Quotations  covering  berries 
from  sections  using  styles 
of  crates  other  than  24- 
quart  (such  as  the  32-quart 
from  Delaware  and  Mary- 
land) have  been  reduced  to 
a  basis  of  24-quart  crates 
for  purposes  of  compari- 
son. The  black  horizontal 
line  running  from  left  to 
right  indicates  a  price  of  10 
cents  per  quart,  or  $2.40  per 
24-quart  crate,  this  being  selected  as  a  median  line. 

DIFFERENCES  IN  PRICES  CAUSED  BY  RANGE  IN  QUAUTY. 

The  width  of  the  black  space  on  any  one  day  represents  the  range 
in  quality  between  the  best  and  poorest  berries  appearing  on  the 


uigiTizea  oy 


Google 


14 


BULJ-ETIlf   477,  U.  8.  DBPABTMENT  OF  AQBICULTUBB. 


market  on  that  day  from  the  section  indicated.  The  need  for  stand- 
ardization of  growing  and  packing  methods  is  iUnstrated  only  too  well 
by  the  wide  ranges  in  price  throughout  the  season. 
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Fio.  7.— Jobbing  prices  of  Btrawberriee  on  the  Pittsburg  market  in  1915. 

Of  the  various  sections  represented,  Florida  appears  to  have  the 
widest  range  in  quality,  on  May  23  showing  a  range  of  20  cents  per 
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Fio.  8.— Jobbing  prices  of  strawbeiries  on  the  Buffalo  maiket  in  1915. 

quart  (from  15  to  35  cents)  in  New  York.  This  maybe  partially  due 
to  the  fact  that  when  prices  are  high  the  price  ranges  are  naturally 
more  marked.     On  the  other  hand,  Louisiana  berries  sold  at  high 
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prices  for  most  of  the  season  in  all  markets,  yet  the  price  range  was 
comparatively  much  narrower,  the  greatest  variation  between  good 
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Fio.  9.— Jobbing  prices  of  strawberries  on  the  Chicafo  market  in  1915. 


MISSOURI 


and  poor  being  10  cents  per  quart  (from  18  to  28  cents)  in  New  York 

on  May  29.     In  other  markets  during  most  of  the  season  the  range 

on  Louisiana  berries 

was   seldom   over   5  ST.  LOUIS 

cents  per  quart,  and 

usually    was     much 

less  than  this.     The 

wide  range  in  prices 

is    generally     more 

marked    on    eastern 

markets     than     on 

western.      This  may 

be  traced  in  part  to 

the  well-known  fact 

that  western  produce 

which      supplies 

western    markets 

generally    is    more 

carefully   graded 

and     packed    than 

eastern,      because 

associations  are  stronger  in  the  West  and  also  because  high  freight 

rates  make  the  marketing  of  inferior  grades  improfitable. 
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In  general  it  can  be  said  that  the  range  in  prices  indicates  a  range 
in  quality  and  leads  to  the  conclusion  that  methods  of  grading  and 
packing  could  be  much  improved  in  all  sections.  Especially  is  this 
true  of  sections  that  regularly  show  wide  differences  between  their 
good  and  poor  qualities.  They  can  profit  by  adopting  the  methods 
of  sections  producing  berries  of  excellent  reputation,  such  as  Ken- 
tucky, which  never  showed  a  price  range  greater  than  25  cents  per 
24-quart  crate  on  the  Pittsburgh  market  throughout  the  entire  season. 
Often  there  are  individual  growers  who  imiformly  secure  top  prices 
for  their  goods,  while  others  always  receive  the  lowest  prices.  The 
difference  between  top  prices  and  bottom  prices  is  often  a  diff<Brence 
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FiO.  IL^obbing  prices  of  strawberries  on  the  St.  Paul  market  in  1915. 

between  profit  and  loss,  or  success  and  failure.  This  emphasizes 
the  fact  that  berries  of  high  quality  usually  pay  for  the  extra  cost 
of  their  production. 

It  should  not  be  inferred,  however,  that  the  price  range  depends 
entirely  on  quality.  Other  elements  enter  in,  especially  the  element 
of  salesmanship.  One  salesman  may  habitually  secure  less  than 
another.  Nevertheless  the  greatest  single  factor  in  price  range  in 
one  day  is  quality. 

DIFFERENCES  IN  PBICES  CAUSED  BY  TIME  OF  SHIPFING. 

The  curves  showing  the  prices  of  berries  from  the  different  sections 
show  that  first  shipments  from  any  section  usually  top  the  market. 
As  shipments  increase,  the  market  usually  declines.  Later  there 
may  be  a  reaction  and  an  advance.  A  notable  exception  to  this  rule 
in  1915  was  Louisiana,  which  showed  an  advancing  and  strengthen- 
ing market  in  practically  every  city  for  10  days  after  the  season 
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op^ed.  This  may  be  attributed  to  two  reasons — flight  shipments 
and  demand  stiniiilated  by  satisfactory  quality  ^  The  same  causes 
operated  to  cause  a  consistent  advance  in  Pittsburgh  and  some 
oUier  markets  for  two  weeks  after  first  receipts  from  Delaware  and 
Maryland.  These  conditions,  however,  are  unusuaL  In  general,  as 
Uie  season  in  eadi  district  advances,  the  price  is  influenced  by 
deteriorating  quality*  due  to  continued  picking  and  by  increased 
suppKes. 

AVERAGE  QUALITY  OF  STRAWBERRIES  SHIPPED. 

In  1915  certain  sections  suffered  from  unfavorable  weather  such 
as  droi^ht  during  the  growing  season  and  rain  at  harvest  time. 
Certain  of  these  sections  suffered  the  results  of  unsatisfactory  quality 
by  receiving  uniformly  unsatisfactory  prices.  Tennessee  was  un- 
fortunate in  this  respect.  In  addition,  the  great  bulk  of  her  crop 
eame  on  the  market  at  the  time  of  heaviest  shipments  from  May  10 
to  25.  Norfolk  and  the  Carolinas  suffered  in  the  same  way.  How- 
ever, a  comparison  of  these  two  sections  with  others  on  the  market 
at  the  same  time  shows  their  quality  must  have  been  tmsatisfactory, 
as  they  sold  on  almost  every  day  at  lower  prices  than  the  others. 

In  New  York,  average  berries  from  the  Norfolk  section  never^sold 
above  10  cents  from  May  9  to  May  24.  From  May  9  until  May  18, 
the  date  of  last  receipts  in  New  York,  Carolina  berries  sold  above  10 
cents  on  only  two  days.  Beginning  on  May  9,  and  up  to  June  15, 
Delaware  and  Maryland  berries  brought  less  than  10  cents  for  best 
stock  on  only  two  days.  On  any  given  day  they  brought  a  consider- 
ably better  price  than  Norfolks  and  Carolinas,  and  continued  at  a 
fairly  satisfactory  level  the  entire  season. 

In  Pittsburgh,  the  Carolinas  and  Tennessees  sold  at  low  prices 
compared  to  Kentucky  and  Delaware-Maryland  stock.  The  Ken- 
tucky stock  did  especially  well,  the  poorest  never  selling  as  low  as  10 
cents  per  quart.  Kentucky  berries  generally  have  an  enviable 
reputation  based  on  good  pack. 

The  comparative  inferiority  of  Tennessee  berries  was  also  shown 
in  Buffalo  where  prices  were  lower  than  for  Kentucky  and  Delaware- 
Maryland  berries  selling  at  the  same  time.  In  Chicago  the  Tennessee 
berries  sold  as  high  as  $2.40  a  crate  (10  cents  a  quart)  on  only  one 
day,  and  even  then  most  of  them  were  sold  at  a  lower  price.  How- 
ever, there  are  no  quotations  available  for  a  satisfactory  comparison 
with  other  berries  in  the  Chicago  market  at  the  same  time,  the  chief 
competition  being  from  Louisiana  berries,  which  were  quite  poor,  as 
they  were  the  last  shipments  at  the  end  of  a  long  season.  A  few  Ten- 
nessee berries  were  also  quoted  on  the  St.  Paul  market  and  sold  at 
practically  the  same  prices  as  the  Arkansas  stock  offered. 

^The  term  "quality''  is  used  in  the  commercial  sense  indicating  satisfactory  grade  upon  arrival  at 
marlcet  and  delivery  to  the  consumer. 
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In  general,  the  market  quality  of  Louisiana,  Kentucky,  Missouri, 
Arkansas,  and  Delaware-Maryland  berries  seems  to  have  been  fairly 
satisfactory  in  1915,  while  the  Tennessee,  Norfolk,  and  Carolina 
stock  was  not  quite  so  well  received.  From  this  it  must  not  be  in- 
ferred that  identical  conditions  will  prevail  in  the  future,  as  they 
may  be  quite  reversed.     The  foregoing  refers  to  the  1915  season  only. 

DISTRIBUTION  OF  STRAWBERRIES  IN  1915. 

Shipments  of  straight  carloads  of  strawberries  to  299  different 
towns  and  cities  in  the  United  States  during  the  season  of  1915, 
according  to  telegraphic  reports  furnished  to  the  OflBce  of  Markets 
and  Rural  Organization  by  the  railroads  during  that  season  have 
been  tabulated  by  districts  and  destinations  in  Table  2.  This  tabu- 
lation includes  reports  of  all  diversions,  so  far  as  it  was  possible  to 
secure  them.  Fairly  comprehensive  arrangements  were  made  with 
railroads  at  the  beginning  of  the  season,  so  that  it  is  beUeved  reports 
of  diversions  are  practically  complete,  but  this  table  is  given  as  an 
approximate  rather  than  an  absolutely  correct  report. 

According  to  these  reports  the  center  of  heaviest  strawberry  con- 
sumption in  1915  was  what  may  be  called  the  metropolitan  district, 
including  New  York,  Melrose  (upper  New  York  City),  Jersey  City, 
Newark,  and  Paterson.  This  district  may  be  considered  practically 
a  unit,  as  the  suppUes  received  in  Jersey  City  are  sold  largely  in  Xew 
York,  though  to  some  extent  in  New  Jersey,  while  Newark  and  near-by 
cities  often  purchase  heavily  on  the  New  York  market.  The  metro- 
politan district  absorbed,  in  aD,  1,964  cars.  The  next  heaviest  con- 
sumer was  Chicago,  with  884  cars;  third,  Boston,  with  781  cars; 
fourth,  Cincinnati,  with  396  cars;  fifth,  Pittsburgh,  with  359  cars; 
and  sixth,  Philadelphia,  with  300  cars.  Other  cities  receiving  100 
cars  or  more  were  Buffalo,  N.  Y.,  Cleveland,  and  Columbus,  Ohio, 
Detroit,  Mich.,  Kansas  City,  Mo.,  Minneapohs,  Minn.,  Omaha,  Nebr,, 
Rochester,  N.  Y.,  St.  Louis,  Mo.,  and  St.  Paul,  Minn.  The  relatively 
small  number  of  cars  of  strawberries  shipped  to  Philadelphia  may  be 
accoimted  for  in  part  by  the  heavy  receipts  of  1.  c.  1.  shipments  from 
near-by  districts.  The  figures  for  Boston  and  New  York  include  boat 
shipments  from  the  Norfolk  district  reduced  to  equivalent  carloads. 

Many  small  towns  and  cities  with  populations  of  but  a  few  thousand 
received  supplies  of  from  1  to  10  cars  during  the  season.  While 
these  small  markets  are  not  heavy  consimiing  factors  individually, 
in  the  aggregate  they  take  heavy  supphes  and  arc  of  great  importance 
to  shippers.  It  is  altogether  pTrobable  that  many  similar  small 
markets  which  do  not  now  receive  full  carloads  could  be  developed 
to  the  advantage  of  both  the  strawberry  grower  and  the  consmner. 

Figures  12a  to  12c  (facing  p.  24)  are  maps  representing  graphically 
the  distribution  of  strawberries  as  reported  by  wire  in  1915  for  all  diij^ 
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triets  shaping  more  than  175  cars.  It  will  be  seen  that  in  most  cases 
each  producing  section  shipped  very  heavily  to  a  certain  limited  con- 
suming area,  and  in  spme  cases  entirely  confined  its  shipments  to  that 
area 

The  widest  distribution  was  reached  in  Louisiana  (see  fig.  12a), 
as  from  lliis  district  both  Atlantic  and  Pacific  coast  markets  were 
reached.  This  unusually  wide  distribution  was  due  largely  to  lack 
of  competition,  as  other  districts  do  not  produce  so  early,  and  also  to 
geographical  position,  Liouisiana  being  practically  midway  between 
the  two.  However,  even  this  district  depends  largely  upon  a  single 
market,  as  Chicago  took  647  cars  out  of  a  total  of  1,335. 

Alabama  shipped  principally  to  Ohip  and  Michigan  points,  Chicin- 
nati  and  Detroit  taking  163  and  58  cars,  respectively,  out  of  a  total 
of  314  cars.     (See  fig.  12b.) 

The  Carolinas,  Virginia,  and  New  Jersey  districts  depended  almost 
entirely  upon  the  Atlantic  seaboard  markets,  especially  Philadel- 
phia, ihe  metropolitan  district,  and  Boston.  (See  fig.  J2b.)  These 
districts  shipped  very  lightly  to  points  no  farther  west  than  Pitts- 
bui^h  and  Buffalo,  and  depended  very  generally  upon  the  large 
markets.  New  Jersey,  for  instance,  shipped  800  cars  to  Jersey  City 
and  100  to  New  York,  out  of  a  total  of  1,291  cars. 

In  contrast,  the  Delaware-Maryland  district  (fig.  12b)  distributed 
heavily  to  smaller  towns,  and  also  to  towns  in  the  interior  of  the 
States  of  Pennsylvania,  New  York,  Ohio,  and  Michigan,  and  even  as 
far  west  as  Chicago.  A  much  smaller  percentage  of  the  total  move- 
ment went  to  the  large  seaboard  markets,  while  towns  such  as 
Ehnira,  N.  Y.,  Erie,  Pa.,  Bridgeport,  Conn.,  Altoona,  Pa.,  Worcester, 
tfass.,  and  Wilkes-Barre,  Pa.,  were  supplied.  Many  others  received 
fairly  liberal  shipments.  It  is  a  question  whether  this  efficient  dis- 
tribution was  not  a  considerable  factor  in  the  successfid  marketing 
of  the  berries  from  this  district  in  1915. 

West  Tennessee  (fig.  12b),  with  506  cars,  probably  secured  as  wide 
distribution  as  any  area  with  a  similar  quantity  of  shipments,  reaching 
as  far  as  Jacksonville,  Fla.,  and  Macon,  Ga.,  to  the  southeast,  Bangor 
and  Portland,  Me.,  to  the  northeast,  and  Winnipeg,  Manitoba,  Sioux 
Falls,  S.  Dak.,  and  Lincoln,  Nebr.*  to  the  northwest.  Ohio  points 
received  the  heaviest  shipments  going  to  any  one  State. 

The  distribution  from  East  Tennessee  (fig.  12b),  with  a  total  of  693 
cars,  was  comparatively  more  restricted,  a  much  larger  percentage  of 
the  crop  going  to  Ohio  points.  Cincinnati  alone  took  203  cars,  while 
Dayton,  Columbus,  Cleveland,  and  Toledo  each  received  30  cars  or 
more.  From  1  to  20  cars  were  sent  to  numerous  other  Ohio  points. 
Illinois  and  some  western  points  received  small  shipments,  while  one 
ear  went  to  Regina,  Saskatchewan. 
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Of  the  western  strawberry  sections,  the  Ozark  district  (fig.  ] 
secured  fairly  widespread  distribution,  sending  cars  as  far  easi 
Now  York  and  Ottawa,  Ontario,  and  as  far  west  as  El  Paso,  aifc 
considerable  quantity  (43  cai-s)  to  Denver.  The  chart  shows,  faj 
ev(»r,  that  Missouri  River  and  near-by  points  (such  as  Omaha,  Sj 
City,  St.  Joseph,  Topeka,  Kansas  City)  and  northwestern  pd| 
(such  as  MinneapoUs  and  St.  Paul)  form  the  principal  outlets  foi>1 
district.  j 

The  Judsonia,  Ark.,  district  (fig.  12c)  shipped  more  heaviH 
Mississippi  River  points  and  cities  nearby,  and  only  lightly  to  ^ 
souri  River  markets.  St.  Louis  absorbed  lot  cars  of  a  totaf 
297.  This  district  also  made  scattering  shipments  to  eastern  | 
Canadian  points.  Springfield,  111.,  with  8  cars,  received  the  heavi 
sliipments  of  any  city  east  of  the  Mississippi  River. 

Wasliington  and    Oregon   sections   (fig.   12c)    shipped   princii 
to  Canadian  and  northwestern  prairie  States.     A  few  scattered 
were  shipped  as  far  east  as  Chciago  and  Detroit,  but  these  eas 
shipments  amounted  to  but  a  small  proportion  of  the  total  movem 
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Worcester,  Mass 

Yorktown,  Saskatchewan 

Youngstown,  Ohio 

ZanesviUe,  Ohio 

Various  points 

TntAi 
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TOTAL  STRAWBERRY  SHIPMENTS  IN  1915. 

Reports  from  the  railroads  at  the  end  of  the  strawberry  season 
were  received  by  the  OflBce  of  Markets  and  Rural  Organization  and 
have  been  tabulated  in  Table  3.  This  table  shows  the  strawberry- 
shipping  stations  and  the  actual  number  of  cars  shipped  from  each 
during  the  1915  season.  They  are  grouped  by  States  and  by  ship- 
ping districts  and  represent  the  final  figures  obtainable  for  shipments 
during  the  year. 

Table  Z.— Strawberry  shipments,  1915. 


Alabama. 

OBUebtfiy  section  (Apr.  15  to  June  1): 

Oistleberry 

Atmore 

BoUin« 


Carloads. 

47 

21 

4 


Total 

York  section  (Apr.  15  to  June  1): 

Cuba *.... 

York 

U^insston 

McComielL 


72 


42 


Totol 

CkiDman  section  (Apr.  15  to  June  5): 

Cullman 

HancevUle 


70 


TotaL 

TlKirsby  section  (Apr.  20  to  June  1): 
Tbonby 

Total 

State  totaL 

Abkansas. 

Saothwwt  section  (Ajv.  25  to  June  1): 

HofBtio 

Caothorn. 


87 


22 


TotaL 

Indaonia  section  (Apr.  25  to  June  5): 

Jodsaoia 

BaUEnob 

McRae 

Searcy 

Mortillton 

DaidaoeUe 


Hinginmi. 
Bndionl. . 
Jooesbofo. . 
Pto^bom. 
Mtrsban.. 

TotaL... 


22 


187 
M 

31 
26 

17 
8 
7 
5 
4 
3 
2 
1 


Omrfc  section  (May  1  to  June  6): 

VaoBuren 

Bprtngdale 

MlDSOIlS 


3M 

46 
40 
39 


Arkansas— Continued. 

Otark  section  (May  1  to  June  5)— Con. 

Alma , 

Farmington 

Payette  ville 

Decatur 

Highflll 

Dyer 

Rudy 

Mountainburg. : 

Mulberry 

Cave  Spring 

Tontitown 

Avoca , 

Siloam  Springs 

Elm  Springs , 

Garfield 

Healing  Springs 

litieral 

Oentry 


Carloads. 
36 
35 
31 
15 
14 
12 
11 
10 
9 


Total 

State  totaL. 


CAUFORlflA. 

Los  Angeles  section  (Mar.  1  to  Dec.  1): 
Oardena 


715 


o27 


Total 

Sacramento  section  (Mar.  25  to  Aug.  15): 

Sacramento 

Florin 


27 


50 
48 


Total. 


Placer  County  section  (Apr.  1  to  June  1): 
New  Castle 


^    Total 

Fresno  seetioQ  (Apr.  1  to  Aug.  16): 
Fresno 


Total. 


98 


56 
56 


Santa  Clara-Santa  Cms  section  (Apr.  1  to 
Dec.  1): 

Alviso ♦175 

WatsonrUle 174 

Aromas  and  Vegas 80 

Gllroy « 

Total 436 


•  Probably  a  large  additional  amount  shipped  locally  on  trucks  and  eleotrio  Mam* 
♦toehides  lew  than  carload  shiprnmits. 
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Table  3.— Strawberry  shipments,  1915 — Continued. 


Calotobnia— Continued. 

Siskiyou  section  (May  20  to  July  15):       Carloads. 
Sisson 16 


Total 

State  total.. 


COLOBADO. 

Montrose 

Steamboat  Springs 

State  total 

Connecticut.    (June  16  to  July  1.) 


16 
"Hi 


Branford 

New  Haven. 


33 
5 


State  total., 


(May  15  to  June  ao.) 


38 


Delaware. 

SelbyvUle .'. 654 

Bridge%ille 348 

Seaford 89 

Frankford .■ ^ 60 

Millsboro 63 

Georgetown 51 

Laurel 41 

Wyoming 41 

Lincoln  City 34 

Greenwood 28 

Dagsboro 26 

Delmar 19 

Hartly 7 

Cannon 4 

CJheswold 4 


State  total 1,469 

Florida. 
Plant  City  section  (Dec.  1  to  Apr.  1): 


Plant  City.. 
Lakeland . 


201 
21 


Total 

Starke  section  (Feb.  10  to  May  15): 

Lawtey 

Starke , 

Hampton 

Raiford 


222 

160 

115 

9 

2 


iLUNoia— Continued. 


LaClede. 
Ullin 


Carlottds. 
10 
1 


aes 


Statetotal 

INDL4NA.    (May  25  to  June  25.) 

New  Albany *112 

Borden *» 

Pekin •« 


Statetotal.. 

lOWA. 


Montrose. 

Keokuk... 

Ottumwa. 


(June  1  to  June  20.) 


1171 

ai 

21 

3 


Statetotal.... 
Kansas. 


Troy. 
Wathena. 


(May  20  to  June  20.) 


53 


» 
6 


Statetotal.. 


Kentucky  (May  10  to  June  10). 

Bowling  Green 

Louisville 

Paducah 


156 
♦3$ 

4 


Statetotal.. 


•vn 

LouisLANA  (Mar.  15  to  May  20). 

Independence *406 

Hammond *361 

Amite *116 

Ponchatoula.... *190 

Tioldaw *1CB 

Mason *18 

Pickups *a08 

Statetotal 1,400 

Maryland  (May  15  to  June  30). 

Marion 486 

PittsviUe 

Fruitland 

Princess  Anne 

Berlin 

Showell 

Hopewel  1 

Willards 

Rldgely 

Westover 

Whaleysvllle 

Federalsburg 

CJrisfield 

Eden. 

Baltimore 

Costen 

Pocomoke 

Walstons 

Salisbury 

Kings  Creek 

East  New  Market 

Henderson 

Kingston 


Total 286 

Statetotal 508 

GsoROiA.    (May  1  to  June  1.) 

Menlo 3 

Statetotal 3 

Illinois.    (May  15  to  June  20.) 

Anna. 100 

VUla  Ridge 50 

Farina. 41 

West  Frankfort 39 

Joppa 21 

*  Includes  less  than  carload  shipments. 

a  97  oars  from  Indiana  and  12  from  Kentucky  were  express,  and  contained  small  quantities  of  oommod- 
ities  other  than  strawberries. 


315 
139 
101 
98 
90 
77 
73 
06 
55 
54 
CO 
91 
21 
18 
17 
1« 
U 
7 
6 
6 
5 
4 
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29 


lfABTIJUf1>-^00OittBlied. 


Loretto 

HardtOft  Springs. 
BoatpJdEiqM 


Garloads. 

2 

1 

198 


State  total «1,942 

MAWACHU8BTT8  (JOIM  28  tO  Joly  15). 

Fahnoiidi 97 

Nortli  Fahnouth 2 

Wfttuppa 1 

State  total 


100 

118 

66 

54 

33 

27 

2 

2 

2 

1 

1 

BoatpJcknps Ml 


MicmoAN  (Jtme  1  to  July  18). 

Botton  Harbor,  St.  Joseph 

Sooth  Haven. 

Muskegon 

Bridgman 

GnmdHaToa , 

Bafley 

Gkndora 

Wiitehan 

MWiflitnida 

8Mit6te.Harie 


State  total.. 


Southflm  Osyka  section  (Apr.  10  to  ICay  15): 
Osj^a. 


317 


19 


TotaL. 


Sanford  section  (Apr.  10 to  May  15): 
Sanford 


33 


Total .,.. 

Lauderdale  section  (Apr.  15  to  Tune  1): 
RusseU 


TotaL 

Central  Dnrant  section  (Apr.  20  to  May  20) : 


33 


30 
90 


Dnrant 

JacksQD 

Ridgeland. 

Total 

State  total 

liBsousi  (May  15  to  Jane  20). 


Neosho.. 
Sercoxie. 


Pierce  City.. 

Anderson 

Botterfield.. 

Logan 

RepuUic.... 
Stark  City... 

Purdy 

Goodman... 
Harionvnie.. 
Carthage..^.. 


87 
"l69 

127 

118 

96 

64 

47 

42 

41 

21 

19 

18 

14 

11 

8 

8 

6 


Mnaoxnn— Continued. 


Verona 

Mount  Vernon.... 

State  total.. 


Carloftds. 
4 
2 


645 


New  Hampshibb  (July). 
Manchester 


State  total.. 


New  Jebsst  (May  25  to  June  25). 

PortNorris. 

Landlsville , 

Rosenhajm 

CodarvUle 

Pedrlcktown 

Hammonton 

Mauricetown 

Fairton..., 

Egg  Harbor 

Richland 

Newport 

Norma 

Leesburg 

Cologne 

West  Moorestown 

Vineland , 

Cedar  Brook , 

Waterford 

Belleplain 

Bhroed 

Penns  Grove 

Newfleld „ 

Woodbine 


1 
1 

90 
76 
06 
58 
31 
26 
22 
20 
19 
15 
14 
14 
13 
9 
9 
8 
7 
7 
6 
3 
3 


State  total.. 


New  Yobk  (June  1  to  July  1). 

Scrlba 

Milton 

Angola 

New  Haven 

Oswego 

Marlborough 

Roseton 

Mexico 

Ripley 

State  total 


516 

38 

32 

31 

26 

26 

25 

9 

8 

1 

196 


NoETH  Carolina  (Apr.  15  to  June  1). 

Chadboum 210 

Moimt  Tabor ifio 

Teacheys loO 

Rose  Hill 98 

Mount  Olive 95 

Whiteville 39 

Clarendon 36 

Rocky  Point 33 

Wallace 23 

Bladenboro 16 

Faison 13 

Willard 8 

Abbottsburg 6 


State  totaL. 


Wheaton 

a  Maryland  boat  pickups  include  Virginia  pickiqM  from  the  eastern  shore  of  Chesapeake  Bay. 
b  PidoqM  from  eastern  shore  of  Lalce  ] 


837 
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Leetonia... 

Perry 

Marietta... 
Cincinnati. 
Lodi 
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Table  3. — Strawberry  shipments ^  1915 — Continued. 


Ohio  (June  1  to  June  2S). 


Carloads. 
17 
9 
6 
1 
1 


State  total.. 


Oregon  (May  26  to  July  15). 

Hood  River 

State  total 

Pennsylvania  (June  1  to  July  1). 

North  East 

St(meboro 

Scranton 


34 


193 


193 

74 
6 
1 


State  total.. 


81 


SOUTH  Carolina  (Apr.  12  to  May  25). 

Loris 

Conway 

State  total 

South  Dakota  (June  16  to  July  16). 

Stoux  Falls 

State  totaL 

Tennessek. 

Chattanooga  section  (May  1  to  June  5): 

Dayton. 

Evens  ville 

Spring  City 

Sale  Creek 

Bakewell 

Knoxville 

Sheffield 

Chattanooga 

Boyce 

Lancing 

Graysville 

Rathbum 

Rockwood 


84 


Total 

Dyer-Sharon-Humboldt  section  (May  1  to 
June  5): 

Humboldt 

Medina 

Dyer 

Sharon 

Gates 

Kenton 

Jackson 

Curve 

Ripley 

Gadsden 

Bells 

Halls 

Tretevant 

Orand  J  unction 


155 

142 

140 

37 

34 

32 

24 

19 

16 

10 

4 

4 

3 

620 


252 
71 
63 
56 
47 
46 
45 
39 
36 
33 
29 
17 
16 
15 
12 


Tennessee— Continued. 
Dyer-Sharon-Humboldt  section— Contd. 


Dresden 

Greenfield. . 
Portland... 

Trenton 

Bradford... 

Gibson 

Obion 

Ntthvllle... 


Carloadi. 
12 
12 
8 


Total 839 

State  total i,45B 

Texas. 


Alyin  SecUon  (Mar.  1  to  May  15): 

Deepwater 

Alvin. 

Dickinson 

Houston 


Total. 


Artesian  Belt  section  (Mar.  1  to  May  15): 
Carrlzo  Springs , 


Total 

Tyler  section  (Apr.  1  to  B£ay  10): 

Winnsboro , 

Tyler 

Lindale 

North  Jefferson. 

Jefferson 1 

Swan 

Hawkins.*. 


81 

47 
» 
11 

150 


14 
14 

41 

n 

15 
6 

e 
s 

2 


Total 

Brownsville  section  (Mar.  15  to  May  1): 
San  Benito , 


Total 

State  total 

Utah  (June  5  to  July  1). 


Provo 

State  total 

VmoiNU. 
Norfolk  section  (May  1  to  June  1) 

Total 

Eastern  shore  section  (May  5  to  June  6): 


m 

1 

1 
"»5 

4 

4 

444 


Onley. 

Mears 

Parksley 

Tasley 

Keller 

Mell^ 

Painter 

Makemie  Park.. 
Lecato 


TotaL 

State  total.. 


61 
» 
23 
» 
19 
17 
12 
10 
• 

•  IM 


a  This  does  not  include  Norfolk  section. 
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w. 


White  Salmon^ 

SpoirnnB >... 

Kmiewick..... 

Seattle 

Edmonds .... 

Lyndea. 

BdUn^iam.  .„ . 

Tacomm 

Oeotrafia 

Aabum 

North  Yaklnia. 


(May  ao  to  July  15) 

Carloads. 


Tabls  3. — Strmoberry  akipmentSy  1915 — Oontinaed. 

Washenoton— Contimied. 

Blohmond  Beach. 

StBto  total 

WBooMfiOf  ( Joaa  6 1»  Joly  16^ 


Carloads. 


Raclii& 

Bayfield 

Sturgeon  Bay..  >. 

Stirte  totaL. 


142 


21 
10 
10 

41 


Grand  total 13,409 


Owing  to  the  fact  that  certam  well-known  commercial  strawberry 
areas  do  not  he  entirely  within  State  borders,  the  following  tabula- 
tion gives  certain  shipments  on  a  district  rather  than  on  a  State 
basis.  The  data  given  below  are  included  in  the  grand  total  and  are 
simply  a  rearrangement  of  some  of  the  material  included  under  State 
headings. 

Table  4. — Supplementary  tabulation  of  strawberry  shipments  in  1915  by  districts. 


PiNmsuLAB  Section  (May  10  to  June  15). 

Carloads. 

8«lbyville,  Del- 654 

486 

348 

315 

139 

101 

98 

90 

89 

77 

73 

69 


Markm^Md.. 
BridgeviUe,  Del.... 

Pittsville,  Md 

Praltland,Md 

Princeas  Anne,  Md. 

Berlin,  Md 

ShoweIl,Md. 

Bealdrd^Del 

HopeweU.Md 

WilIards,Md 

Prankford,  Del 

Rid«ely,Md. 

OnIey,Va 

Westover.Md 

Whaleysville,  Md... 

Wnsboro,  Del 

Georgetown,  Del... 
Feder&lsburg,  Md.. 

Laurel,  DeL 

Wyoming,  Del 

UncolnCity,  DeL.. 

Orwnwood,  Del 

Meers.Va 

Dee^MTo,  Del 

Crttield,Md 

Bden,Md 

Parksley,  Va 

TMtey.Va 

Delmar,DeL 

Kell«,Va 

ro8ton.Md 

lWia,Va ^. 

Pooomoke,  Md 

Pointer.  Va 

Wabtoiis,Md 

UakaniePark,Va. 
HirtJey,DeL 


Peninsular  Section— Continued. 

Carloads. 


Salisbury,  Md 

East  New  Market,  Md 

Kings  Creek,  Md 

Lecato ,  Va 

Henderson,  Md 

Cannon,  Del 

Cheswold,  Del 

Kingston,  Md 

LOTetto,  Md 

Mardelia  Springs,  Md 

Boat  pickups,  Maryland  and  Virginia 


7 
6 
6 
6 
5 
4 
4 
4 
2 

198 


Total .3. 


OzABK  Section  (May  1  to  June  15). 


Neosho,  Mo 

Sarcoxie,  Mo 

Monett,  Mo 

Pierce  City,  Mo 

Anderson,  Mo 

Van  Buren,  Ark 

Butterfleld,  Mo 

Logan,  Mo 

Springdale,  Ark 

Johnsons,  Ark 

Alma,  Ark 

Farmington,  Ark 

Fayette ville,  Ark.... 

Republic,  Mo 

Stark  City,  Mo 

Purdy,  Mo 

Decatur,  Ark 

Goodman,  Mo 

Highflll,Ark 

Dyer,  Ark 

Marionville,  Mo 

Rudy,  Ark 

Mountainburg,  Ark.. 


127 
118 

95 

M, 

47' 

45 

42 

41 

40 

39 

36 

35 

31 

21 

19 

18 

15 

14 

14 

12 

11 

11 

10 
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Table  4. — Supplementary  tabultUion  of  strawberry  ahipTnente  in  1916  bydigtriUs — Con. 


OZAKK  Section— Continued. 


Mulberry,  Ark 

Carthage,  Mo 

Cave  Springs,  Ark 

Seneca,  Mo 

Tontitown,  Ark 

Avoca,  Ark 

Siloam  Springs,  Ark.. 
Wheaton,  Mo. 


Carloads. 
9 
8 
8 
8 
8 
6 
6 
6 


OzABK  Section— Continaed. 


Carloadi. 


Elm  Springs,  Ark 

Garfield,  Ark 

Verona,  Mo 

Healing  Springs,  Ark. 

Lltteral,  Ark 

Mount  Vernon,  Mo. . . 
Qentry,  Ark 

TotaL 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

BULLETIN  No.  478 

Joint  Gontrtbotion  IVoib  the  Bweui  of  Plant  Industry 

WM.  A.  TAYLOB,  Chief,  and  the  Office  of  Market*  and 

Rural  Organfaation,  CHARLES  J.  BRAND,  Chief 


Washington,  D.  C.  ▼  December  30, 1916 

THE  ORIGIN,  CHARACTERISTICS,  AND  QUALITY  OF 
HUMPBACK  WHEAT.' 

By  Levi  M.  Thomas,  AsMtant  in  Charge  of  the  United  States  GraivtSimuiardi^fiXimfi 
Laboratory  at  Fargo ,  N.  Dak.  ^    '}} 

INTBODUCnON.  \<^         >      - 

The  term  Humpback  is  applied  to  a  strain  of  wheat  whi<5b  iJ  bein^ 
grown  to  an  increasing  extent  in  Minnesota  and  to  a  limited  iMLtenl 
in  the  Dakotas.  This  wheat  has  found  favor  with  the  producers 
because  of  the  large  yields  claimed  for  it,  but  it  is  generally  discrim- 
inated against  by  the  grain  trade  because  of  its  alleged  inferior  mill- 
ing qualities. 

This  strain  of  wheat  is  said  to  be  the  result  of  a  field  selection  by 
J.  P.  Berglimd,  a  farmer  living  near  Kensington,  Minn.,  who  about 
18  years  ago  found,  growing  in  a  field  of  Bluestem  wheat,  a  plant 
distinguished  from  the  rest  of  the  field  by  bearded  heads  and  a  more 
vigorous  growth.  The  seed  from  this  plant  was  saved  and  planted 
separately,  producing  a  strain  of  wheat  known  as  Humpback,  which 
wheat  was  first  distributed  among  the  Kensington  farmers  11  or  12 
years  ago.  It  was  originally  called  Bearded  Bluestem,  a  name  given 
to  it  by  Mr.  Berglimd  because  it  has  the  characteristic  velvety  chaff 
of  Bluestem,  but  it  soon  earned  the  more  popular  name  of  Hump- 
back, owing  to  the  peculiar  shape  of  the  kernels,  the  dorsal  side  being 
characterized  by  a  prominence  immediately  to  the  rear  of  tlie  germ 
and  a  curved  slope  toward  the  brush,  making  the  term  Humpback 
quite  descriptive.*  The  term  Marvel,  and  perhaps  other  names,  has 
been  applied  to  this  variety  by  distributors  of  the  seed. 

1  The  inrestigBtioiis  reported  herein  were  made  by  the  Office  of  Grain  Standardization  of  the  Bureau 
of  Plant  Industry.  Since  August  18, 1016,  the  grain-standardization  work  of  the  Department  of  Agri- 
colture  has  been  administered  Jointly  by  the  Office  of  Markets  and  Rural  Organization  and  the  Bureau 
of  Plant  Industry  in  connection  with  the  administration  of  the  United  States  Grain  Standards  Act. 

The  data  contained  in  this  bulletin  represent  the  results  of  investigations  made  by  Mr.  Levi  M. 
Thomas,  in  charge  of  the  Grain-Standardization  Laboratory  at  Fargo,  where  special  invest ignt ions  arc 
being  carried  on  in  cooperation  with  the  North  Dakota  Agricultiu^l  Experiment  Station  relative  to  the 
millfaig  and  baking  value  of  different  classes  and  grades  of  wheat. 

'Certain  eastern  soft-wheat  varieties  have  this  same  characteristic  to  fully  as  marked  a  dcegree  as  the 
Humpback.  The  variety  known  as  Rural  New  Yorker  No.  57  is  especially  similar  to  the  Humpback  in 
an  general  characters. 

Note.— This  bulletin  will  bo  of  interest  to  millers  and  grain  dealers  In  the  States  of  North  Dakota, 
Sooth  Dakota,  Minnesota,  and  Montana,  and  to  the  grain  exchanges  and  inspection  departments  in  the 
Wioos  markets. 
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Care  should  be  taken  not  to  confuse  Humpback  wheat  with  the 
more  widely  grown  varieties  of  the  Northwest,  commonly,  though 
incorrectly,  known  as  Velvet  Chaff.  The  Velvet  Chaff  wheats,  some- 
times classified  as  the  Preston  group,  are  bearded  but  are  of  the  Red 
Fife  type,  and  the  kernels  are  much  smaller  than  those  of  the  Hump- 
back, approaching  closer  to  the  Fife  and  Bluestem  wheats  in  size  and 
quality.  Another  point  of  difference  is  apparent  in  the  heads  of  the 
wheat.  Humpback  wheat  has,  as  already  stated,  a  velvety  chaff, 
while  curiously  enough  the  bearded  spring  wheats,  commonly  known 
as  Velvet  Chaff,  are  characterized  not  by  a  velvety  but  by  a  smooth 
chaff.     The  comparative  shape  and  size  of  Humpback,  Velvet  Chaff, 


Fio.  1. — Bread  made  from  samples  of  Humpback  and  Bluestem  wheats  grown  near  Glen- 
wood,  Minn.,  In  1913 :  a,  I^af  from  Humpback  wheat,  yielding  73  per  cent  of  straight 
flour  and  having  a  loaf  volume  of  1,970  cubic  centimeters  and  a  texture  score  of  87.5; 
b,  loaf  from  Bluestem  wheat,  yielding  74  per  cent  of  straight  flour  and  having  a  loaf 
volume  of  2,445  cubic  centimeters  and  a  texture  score  of  93.5. 

Glyndon  Fife  (Minnesota  No.  163),  and  Bluestem  wheats  are  shown, 
natural  size,  in  Plate  I. 

Humpback  wheat  has  a  large  berry  as  compared  with  most  strains 
of  the  hard  spring  wheats,  in  point  of  size  being  midway  between  the 
common  varieties  of  spring  wheat  and  the  durums.  The  kernels  are 
of  a  dark  amber  color  and  are  perhaps  a  little  softer  than  most 
wheats  of  this  class.  The  weight  per  bushel  will  be  found  to  range 
somewhat  higher  than  the  Fife  and  Bluestem  wheats,  the  average  of 
nine  samples  from  the  1910  crop  being  over  60  pounds  per  bushel. 

MILLING  AND  BAKING  QUALITIES.' 

Table  I  gives  the  comparative  results  of  the  milling  and  baking 
qualities  of  a  limited  number  of  samples  of  Humpback  and  other 

»  The  Minnesota  State  craln-lnspoctlon  department  under  the  grade  rules  for  northern 
spring  wheat  spocin.'s  that  "  the  varioty  known  as  '  Humpback,'  owing  to  Its  inferior 
milling  quality,  shall  not  be  graded  higher  than  No.  3." 
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Type  Samples  of  Some  of  the  Spring  Wheats:  A,  Humpback;  B,  Velvet  Chaff; 
C,  Qlynoon  Fife  (Minnesota  No.  163);  Z>,  Bluestem.   (Natural  Size.) 
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hard  spring  wheats.  Attention  is  called  to  the  fact  that  the  results 
on  the  Humpback  wheat,  as  shown  in  the  table,  include  tests  of  sam- 
ples repi'esenting  the  crops  of  the  three  years,  1908,  1909,  and  1910. 
The  crops  of  1908  and  1909  are  represented  by  one  sample  each,  and 
the  crop  of  1910  by  nine  samples.  Five  of  the  samples  of  the  1910 
crop  were  secured  near  Hoffman,  Minn.,  and  the  remaining  four  from 
near  Kensington,  Minn.  At  each  of  these  points  a  sample  of  Blue- 
stem  wheat  was  also  obtained,  the  results  of  milling  and  baking  tests 
upon  the  same  being  likewise  shown  in  Table  I.  The  figures  at  the 
bottom  of  the  table  give  the  average  of  tests  of  Bluestem  and  Velvet 
Chaff  wheats  from  North  Dakota  and  Minnesota  of  the  1910  crop  and 
afford  an  interesting  comparison  with  the  Humpback  wheat,  to  the 
disadvantage  of  the  latter.  With  the  exception  of  samples  255  and 
502.  the  results  as  given  in  the  table  are  based  on  the  yield  of  "straight 
flour,"  the  tests  on  these  two  samples  being  on  the  patent  flour. 


Table   I.- 


-Comparison  of  rcmtlts  of  milling  and   baking   tests  of  Humpback 
wheats  xoith  other  hard  red  spring  wheats. 


Hainpback  wheat  from—  I 

Keiisiiiston,  Minn. ,  crop  of  1908 

Kensington.  Minn.,  crop  of  1909 

Hoffman,  Minn.,  crop  of  1910 

Do 

Do 

Do 

Do 

Kensington,  Minn.,  crop  of  1910 

Do 

Do 

Do 

Bhrntem  wheat  from — 

Hoftman,  Minn.,  crop  of  1910 

Kensington,  Minn.,  crop  of  1910 

AVERAGES. 

Humpback  wheats  fh>m— 

Hoffman,  Minn.,  crop  of  1910 

Kensington,  Minn.,  crop  of  1910 

Both  Hoffman  and  Kenstngton, 

cropofl910 

Ei^t  samples  of  Blnestem  wheat  from 
North  Dakota  and  Minnesota,  crop 

^  of  1910 

8e\'eDteen  samples   of  Velvet    Chaff 
▼heat,  grown  In  North  Dakota,  1910. . 


1255 
1502 
637 
700 
701 
702 
703 
704 
705 
70e 
708 


707 


Peret. 

C.e. 

C.c. 

C.c. 

170.82 

2,138 

629 

61.8 

169.7 

2,260 

681 

51.5 

65.6 

2,230 

656 

61.8 

68,7 

2,400 

706 

50.6 

72.6 

2,100 

618 

50.0 

72.5 

2,010 

591 

50.0 

69.7 

2,150 

632 

50.0 

72.8 

2,150 

632 

50.0 

72.4 

2,120 

624 

49.7 

72.8 

2,090 

615 

48.2 

73.4 

2,050 

603 

48.2 

69.5 

2,500 

762 

52.4 

73.2 

2,260 

665 

50.3 

69.8 

2,176 

640 

50.5 

72.9 

2,105 

619 

49.0 

71.2 

2,145 

631 

49.8 

69.2 

2,430 

715 

52.1 

66.9 

2,428 

713 

52.4 

Score. 
96 
91 
91 
97 
96 
95 
95 
96 
96 
95 
95 


97 


94.8 
95.5 


95.1 


97.1 


Crude  protein 
(N  X  5.7). 


In 
floiir. 


Peret. 
12.31 
11.91 
12.77 
14.65 
13.97 
14.99 
14.54 
12.60 
13.34 
13.05 
13.91 

14.36 
14.02 


14.19 
13.23 

13.76 

12.59 
13.37 


In 
wheat. 


Per  ct. 
12.31 
12.71 
14.19 
14.88 
14.82 
15.79 
15.16 
12.77 
14.02 
13.22 
14.36 

14.82 
13.91 


14.95 
13.59 

14.35 

13.4 
14.52 


>  With  samples  255  and  502  the  tests  were  made  on  the  patent  flour,  but  in  all  other  cases  on  the  straight 
DOur. 

From  the  standpoint  of  flour  yield,  as  obtained  upon  the  experi- 
niental  mill  of  the  North  Dakota  Agricultural  Experiment  Station, 
it  will  be  noticed  that  the  Humpback  wheat,  like  other  large-berried 
varieties,  gives  a  high  yield  of  flour,  in  this  respect  probably  excel- 
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ling  the  smaller  berried  varieties.  However,  in  the  study  of  the  next 
three  columns  in  the  table  we  do  not  find  that  the  figures  speak  so 
well  for  the  Humpback  wheat.  The  volume  of  the  loaf,  which  is 
the  approximate  expression  of  the  "baking  strength"  of  the  flour, 
in  all  cases  falls  well  below  the  average  for  the  spring  wheats.  A 
comparison  of  the  results  of  the  absorption,  or  the  amount  of  water 
used  in  making  the  dough,  does  not  show  such  striking  differences, 
but  most  of  the  samples  fall  below  the  average  in  this  respect.  In 
color  of  crumb,  which  is  a  factor  of  considerable  importance  to  the 
baking  trade,  it  will  be  noticed  that  the  bread  made  from  the  Hump- 
back wheat  flour  is  not  up  to  the  standard.  Figure  1  shows  the  actual 
differences  in  loaves  produced  from  samples  of  Humpback  and  Blue- 
stem  wheat  grown  near  Glenwood,  Minn.,  in  1913. 

The  figures  in  the  last  two  columns  of  the  table,  showing  crude 
protein  in  the  wheat  and  the  flour,  are  interesting.  It  will  be  noted 
that  here  we  have  a  point  of  resemblance  between  the  Humpback 
and  the  durum  wheat,  as  the  Humpback  wheat  averages  high  in 
crude  protein  and  yet  is  low  in  "  baking  strength." 

CONCLUSIONS. 

In  conclusion,  the  principal  points  may  be  briefly  stated  as  follows: 

Humpback  wheat  is  a  bearded  spring  wheat  characterized  by  a  velvety  chalt 

This  wheat  should  not  be  confused  with  the  so-caUed  Velvet  Chaff  wheats  (rf 
the  Northwest,  which  are  bearded  spring  wheats  of  the  Red  Fife  type  and  have 
a  smooth  chaff. 

Humpback  wheat  has  a  large  berry,  somewhat  soft  in  texture,  giving  a  high 
yield  of  flour.  The  weight  per  bushel  of  this  wheat  is  higher  than  that  of 
Bluestem  wheat. 

The  flour  from  the  samples  of  Humpback  wheat  was  lower  In  baking  strength 
and  general  quality  than  the  flour  from  the  other  spring  wheats  which  were 
tested. 
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INTRODUCTION. 

Each  year  about  10,000,000  forest-tree  seedlings  or  transplants  are 
required  for  the  reforestation  operations  on  the  National  Forests. 
The  stock  supplied  for  these  operations  must  be  of  the  proper  size 
and  species,  oi  high  grade,  and  available  for  use  cm  very  short  notice. 
Furthermore,  production  of  the  stock  under  seasonal  conditions  cor- 
responding as  closely  as  possible  to  those  at  the  planting  site  is 
desirable.  In  order  that  these  requirements  may  be  met  and  that  at 
the  same  time  the  stock  may  be  produced  at  a  low  cost  it  is  neces- 
sary not  only  that  the  nurseries  be  properly  located  and  of  the  right 
size,  but  also  that  efficient  and  economical  methods  of  nursery  prac- 
tice be  employed. 

FACTORS  INFLUENCING  SELECTION  OF  A  NURSERY  SITE. 

Choosing  a  site  for  a  large  nursery  is  difficult,  especially  in  a 
mountainous  country,  where  all  of  the  conditions  favorable  to  nurs- 
ery operations  are  seldom  encountered  on  one  area.    The  principal 

*  This  bulletin  represents  the  results  of  the  study  and  experience  of  many  different  mem- 
bere  of  the  Forest  Serrlce.  The  author's  part  has  l>een  to  compile,  weigh,  and  harmonise 
these  results.  The  collection  of  forest-tree  seed  and  field  seedling  and  planting  are  covered 
In  Bulletin  No.  475  of  the  tJ.  S.  Department  of  Agriculture,  •'  Reforestation  on  the  Na- 
tioMl  Forests." 

Non. — This  bulletin  should  prove  of  Interest  and  value  to  aU  who  are  engaged  In 
nnrsery  work  with  forest  trees. 

63186'— Bull.  479—17 1 
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factors  to  be  considered  are:  (1)  The  water  supply;  (2)  the  soil; 
(3)  the  amount  of  land  available;  (4)  the  exposure  and  slope  of  the 
site;  (5)  its  accessibility;  (6)  the  species  of  stock  to  be  raised;  (7) 
the  nature  of  the  surroundings;  (8)  the  cover  of  the  site;  and  (9) 
the  climate. 

WATER  SUPPLY. 

Plants  grown  in  nurseries  are  subjected  to  unfavorable  conditions 
of  crowding  and  often  of  climate  not  encountered  under  natural 
conditions.  Yet  an  effort  must  be  made  to  keep  the  mortality  rate 
as  low  as  possible  and  to  produce  good  stock  for  field  planting. 
For  these  reasons  it  is  essential  in  selecting  a  site  for  a  nursery  to 
choose  one  where  there  is  an  abundant  supply  of  water. 

The  amount  of  water  necessary  depends  upon  the  size  of  the  nurs- 
ery and  its  possible  future  extension,  the  method  followed  in  water- 
ing, the  amount  and  distribution  of  rainfall,  and  the  character  of 
the  soil.  A  very  porous,  well-drained  soil  will  require  a  greater 
supply  of  water  than  a  heavier,  more  retentive  one.  If  open-ditch 
irrigation  of  the  beds  is  practiced  a  greater  supply  will  be  necessary, 
because  of  seepage,  than  if  the  water  is  conveyed  in  pipes  and  dis- 
tributed by  sprinklers.  If  the  rainfall  were  evenly  distributed  and 
sufficient  for  all  needs  of  the  plants  it  would,  of  course,  eliminate 
the  necessity  of  a  water  supply.  This  condition  seldom  exists. 
While  abundant  precipitation  may  occur  during  a  portion  of  the 
growing  season,  there  is  almost  certain  to  be  a  dry  period  when  arti- 
ficial watering  will  be  necessary  and  when  a  supply  as  abundant  for 
the  time  being  as  if  the  whole  year  were  dry  will  be  needed. 

In  every  case  the  amount  of  water  available  during  the  period  of 
low  water  and,  if  possible,  the  minimum  flow  during  extremely  dry 
years  should  be  ascertained.  Where  water  is  in  urgent  demand  for 
irrigation  purposes,  it  is  vitally  important  to  know  whether  tiiere  is, 
during  dry  seasons,  sufficient  unappropriated  water  in  a  stream  under 
consideration,  and  what  the  State  laws  are  regarding  its  use. 

At  the  Savenac  Nursery,  where  ditch  irrigation  is  practiced,  at  the 
Bessey  Nursery,  where  flooding  of  the  beds  is  practiced,  and  at  the 
Wind  River  Nursery,  where  garden  sprinklers  are  used  entirely, 
about  4,800,  225,  and  75  gallons  of  water  per  minute  are  available, 
respectively.  The  yearly  capacity  of  the  nurseries  is  4,000,000, 
2,000,000,  and  2,000,000  plants,  and  the  areas  actually  occupied  by 
nursery  stock  are  about  15,  3,  and  4  acres,  respectively.  Except  pos- 
sibly in  the  case  of  tKe  Savenac  Nursery,  the  amount  of  water  avail- 
able is  not  more  than  is  desirable  for  successful  nursery  operations. 

Where  it  is  intended  to  use.garden  sprinklers,  it  is  well  to  know 
that,  under  good  water  pressure,  either  the  rotary  or  stationary  type 
of  these  sprinklers  throws  from  4  to  6  gallons  of  water  per  minute. 
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When  the  spray  falls  in  a  lO-foot  radius^  this  equals  from  1.3  to  1.9 
indies  of  rainfall  per  hour.  It  may  occasionally  be  necessary  to  use 
10  or  12  sprinklers  at  one  time,  which  means  that  there  must  be  avail- 
able at  least  from  40  to  75  gallons  of  water  per  minute. 

SOIL. 

In  choosing  the  location  for  a  nursery,  soil  possessing  the  best 
chemical  and  physical  properties  should  be  selected.  Forest  Service 
experience  has  not  indicated  that  it  should  resemble  the  sojl  of  the 
planting  site,  especially  where  that  is  poor.  Plants  grown  in  poor 
soil,  particularly  dry  soil,  are  forced  to  extend  their  roots  in  search 
of  moisture ;  and  when  such  plants  are  removed  from  the  nursey  the 
fine  feeding  roots  are  almost  certain  to  be  cut  off  and  the  stock  ren- 
dered less  fit  for  field  planting.  Thrifty  plants  with  a  normal  root 
development  grown  on  good  soil  generally  offer  the  best  chance  for 
success. 

The  soil  should  be  sufficiently  fertile;  but  desirable  physical  quali- 
ties, such  as  moderate  freshness,  friability,  and  depth,  are  of  more 
importance  than  chemical  ones,  since  the  latter  may  be  more  easily 
changed  through  the  use  of  fertilizers  than  the  former. 

A  soil  with*  a  sandy  foundation,  particularly  a  sandy  loam,  is 
better  suited  for  nursery  operations  than  one  with  a  clay  or  limo 
foundation  (see  PL  I).  The  latter  dries  out  and  warms  up  slowly 
in  the  spring,  delaying  nursery  operations  and  retarding  the  growth 
of  the  plants;  it  freezes  and  heaves  much  more  decidedly  than  the 
former;  it  is  more  difficult  to  work  in  plowing,  cultivating,  and 
transplanting  operations;  the  roots  skin  more  when  the  trees  are 
dug;  it  forms  a  hard  surface  and  cracks  upon  drying;  seedlings 
sometimes  have  difficulty  in  pushing  through  it ;  the  development  of 
the  fine,  lateral  roots  is  not  so  good  as  in  lighter  soils;  and  weeds 
obtain  a  much  firmer  foothold.  On  the  other  hand,  a  soil  extremely 
light,  sandy,  or  loose  should  be  avoided  because  of  the  rapidity  with 
which  it  dries  out,  the  too  extensive  and  undesirable  root  development 
which  it  fosters,  and  the  danger  of  general  unthriftiness  of  the 
plants. 

If  the  surface  soil  is  a  good,  fairly  moist,  retentive,  sandy  loam, 
the  deeper  it  is  the  better.  Where  it  is  deep  there  will  be  an  abundant 
supply  of  fertility  upon  which  to  draw,  the  infertile  subsoil  will  not 
be  di^airbed  by  plowing  and  mixed  with  the  other  soil,  and  the  soil 
conditions  will  be  ideal  for  the  development  of  excellent  stock.  A 
very  desirable  combination  is  good,  porous  surface  soil  from  3  to  4 
feet  in  depth,  underlaid  by  a  more  retentive  subscHl.  Such  a  sur- 
face soil  is  of  sufficient  depth  to  allow  the  necessary  drainage;  and 
as  moisture  is  needed  it  can  be  drawn  from  the  retentive  subsoil 
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by  capillarity.  A  subsoil  of  hardpan  is  to  be  avoided  because  it  does 
not  allow  good  drainage  and  the  moisture  retained  may  cause  sour- 
ing of  the  soil  and  excessive  freezing  and  heaving. 

AMOUNT  OF  LAND  AVAILABLB. 

The  future  development  of  a  nursery  can  seldom  be  fcwecasted. 
After  the  nursery  is  established  the  location,  soil,  or  some  other  fea- 
ture may  be  found  to  make  it  especially  suitable  for  the  growing  of 
certain  species  of  trees;  the  stock  may  have  to  be  retained  in  the 
nursery  longer  than  was  anticipated;  wider  spacing  may  prove 
advisable ;  longer  rotations  of  crops  may  become  necessary ;  or  a  por- 
tion of  the  area  may  have  to  lie  fallow  longer  than  was  exi)ected. 
Any  of  these  conditions  will  make  extension  of  the  nursery  area 
desirable.  A  location  should  be  chosen,  therefore,  where  there  is  an 
additional  contiguous  area  of  good  soil  lying  in  sudi  a  positicm 
that  the  watering  system  can  be  readily  ext^ided  to  it 

SLOPE  AND  EXPOSURE  OP  SITE. 

The  nursery  site  should  be  as  level  as  possible,  because  of  the 
danger  that  the  soil  on  a  slope  will  wash  during  sevei^  rains  or  arti- 
ficial watering.  Of  course,  grades  can  be  lessened  by  terracing.  This 
is  expensive,  however,  and  on  terraced  areas  plowing  and  harrowing 
are  carried  on  with  difficulty,  and  protection  ditches  are  almost  in- 
dispensable. Under  no  circumstances  should  the  slope  exceed  5  per 
c^it,  and  even  such  a  slope  is  excessive  where  irrigation  is  to  be 
practiced. 

On  slight  slopes  the  exposure  is  of  little  import  There  is  but  little 
difference  in  the  temperature,  frost  danger,  or  length  of  growing 
season  of  the  different  aspects.  On  steeper  slopes,  north,  northeast, 
and  northwest  aspects  are  more  suitable  for  nursery  purposes  than 
south  and  west,  because  of  the  smaller  range  of  temperature.  Frost 
danger  is  greater  on  the  south  and  west  slopes  than  on  the  others, 
because  the  plants  normally  start  growth  sooner  and  continue  it  later. 
Alternate  freezing  and  thawing,  which  causes  heaving,  is  more  de- 
cided on  south  and  west  slopes  than  on  the  other  three.  So-called 
frost  holes,  or  depressions  in  which  the  air  drainage  is  poor,  and 
narrow  valleys  or  canyons,  should  be  avoided  entirely  because  of 
frost  danger.  In  general,  a  higher  location  should  be  given  prefer- 
ence over  a  lower  one. 

ACCESSIBILmr. 

The  relative  importance  of  accessibility  to  base  of  supplies  and 
labor  or  to  planting  sites  depends  upon  whether  the  nursery  is  large 
or  small.    If  it  is  small  and  the  amount  of  labor  and  supplies  neces- 
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Comparison  of  Seedling  Stock  Grown  Under  Different  Soil  Conditions. 

Note  the  difference  in  root  development.    A.  Pinu«  pfindcrosa  2-0  Black  Hills  seed  grown  in 
light  sandy  eoil.    B.  JHnu9  ponderosa  2-0  Blaci^  Hills  seed  grown  in  heavy  clay  soil. 
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Water-Pipe  Line  4  Inches  in  Diameter,  for  Flooding  Transplant  Beds,  and 
Slatting  Fences  Used  for  Windbreaks,  Bessey  Nursery. 
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•  sary  is  not  great,  it  should  be  located  as  near  the  planting  site  as  cir- 
cumstances will  permit.  At  a  large  permanent  nursery,  the  initial 
as  well  as  the  regular  yearly  work  necessitates  the  employment  of  a 
considerable  number  of  laborers,  the  purchasing  and  hauling  to  the 
nursery  of  a  large  amount  of  material  and  supplies,  and  the  hauling 
of  the  nursery  stock  to  town  for  shipment.  Accessibility  to  plant- 
ing sites  is  not,  accordingly,  so  important — though  it  is  important — 
as  location  near  a  central  shipping  point  where  labor  and  supplies 
are  readily  available. 

SPEaES  OF  STOCK  TO  BE  RAISED. 

In  ftflly  equipped  nurseries,  moisture  and  temperature  conditions 
can  be  so  ccmtrolled  that  danger  from  drought,  intense  heat  and  cold, 
low  humidity,  and  early  or  late  frosts  is  partly  eliminated;  yet  if 
possible,  the  climatic  requirements  of  the  principal  species  to  be 
produced  should  be  given  consideration  in  choosing  the  site.  If 
western  yellow  pine  is  to  be  the  principal  species,  preference  should 
be  given  to  sites  well  within  the  low  altitudes.  If,  on  the  other 
hand,  Engelmann  spruce  or  lodgepole  pine  will  make  up  the  greatest 
proportion  of  the  nursery  stock,  preference  should  be  given  to  the 
sites  at  higher  altitudes.  The  natural  common  occurrence  of  a  spe- 
cies in  a  certain  region  is  an  unfailing  indication  that  both  soil  and 
climate  are  well  adapted  to  its  growth.  Production  will  usually  be 
attended  by  fewer  difficulties  and  losses  at  nurseries  located  within 
such  a  region  than  elsewhere,  although  there  have  been  some  in- 
stances where  this  has  not  seemed  entirely  true.  Furthermore,  less 
watering  and  shading  may  be  necessary  and  protection  against  frosts 
and  winter  killing  uncalled  for,  so  that  it  will  be  possible  to  pro- 
duce a  high  grade  of  stock  at  less  cost. 

NATURE  OF  THE  SURROUNDINGS. 

V 

The  surroundings  have  a  minor  effect  upon  nursery  operations 
through  their  influence  upon,  the  weed  problem,  protection,  shading, 
and  watering.  On  old  clearings,  old  burned-over  areas,  or  aban- 
doned fields,  the  conditions  are  particularly  suited  to  the  growth  of 
weeds.  At  nurseries  situated  in  such  places  it  will  usually  be  neces- 
sary to  fight  weeds  continually.  Such  locations  should  be  avoided 
if  others  fully  as  good  in  the  more  important  considerations  can  be 
selected.  There  is  the  objection  to  having  trees  in  the  immediate 
vicinity  of  a  nursery  that  they  cause  snowdrifts  and  retard  melting 
of  the  snow  in  spring.  It  is  possible  also  that  they  impede  the  cir- 
culation of  air  and  thus  subject  the  nursery  stock  to  greater  frost 
danger.     Furthermore,  excessive  side  shade  from  timber  sometimes 
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keeps  a  nursery  too  cold  and  damp  for  the  best  development  of  the 
stock. 

In  Europe  it  is  considered  advisable  to  take  advantage  of  locations 
where  shade  and  protection  against  wind  are  afforded  by  old  stands 
on  the  south  and  west  sides.  For  species  especially  susceptible  to  heat 
or  frost,  such  as  spruce  and  fir,  this  side  protection  is  considered 
especially  desirable.  Where  the  planting  stock  is  of  light-loving 
species,  such  as  pine  and  larch,  there  should  not  be  enough  shade  to 
be  harmful.  The  size  of  a  large  nursery  will  eliminate  the  pos- 
sibility of  side  shade  for  all  the  beds;  but  this  will  not  necessarily 
be  a  disadvantage,  because,  usually,  shade  will  not  be  desirable  for  all 
the  species  grown.  All  the  beds,  however,  may  be  protected  from  hot 
and  cold  winds,  making  less  watering  and  possibly  less  artificial 
protection  necessary. 

COVBR  OF  THE  STTE. 

The  growing  cover  of  a  site  serves  as  a  criterion  of  the  quality 
of  the  soil,  such  as  its  fertility,  acidity,  or  alkalinity,  and  normal 
moisture  content.  It  also  has  an  important  bearing  on  the  cost  of 
putting  the  ground  into  condition  for  nursery  purposes,  the  subse- 
quent work  which  may  be  necessary,  and  the  effect  of  the  preliminary 
work  upon  the  soil  itself. 

Dead  and  down  logs  and  old  stumps  or  a  large  amount  of  rock 
will  necessitate  expensive  clearing  operations.  Where  the  stumps  are 
large  and  numerous,  as  in  Pacific  coast  Douglas  fir  cuttings,  and  the 
amount  of  down  timber  considerable,  the  cost  of  clearing  and  putting 
the  ground  into  shape  for  nursery  operations  may  amount  to  $200  or 
$300  per  acre.  This  expense  is  not  the  only  bad  feature.  Even  after 
careful  clearing  and  working  up  of  the  ground  additional  rocks, 
pieces  of  roots,  bark,  and  twigs  will  be  encountered  for  years  to  come. 
In  removing  rocks  and  stumps,  moreover,  the  subsoil  is  thrown  out 
on  the  surface,  and  being  of  inferior  quality  in  most  cases,  gives  rise 
to  infertile  patches  throughout  the  nursery  on  which  the  growth 
of  plants  is  poor.  Besides  when  the  stumps  and  logs  are  being  burned 
the  humus  is  also  burned  and  the  soil  made  poorer  in  quality.  The 
inadvisability  of  choosing  a  rocky  area  or  one  covered  with  stumps  is 
apparent  unless  other  factors  offset  these  disadvantages. 

Too  much  emphasis,  however,  should  not  be  laid  upon  the  difference 
in  the  initial  cost  of  soil  preparation.  Often  the  fact  that  timber  has 
grown  upon  a  site  is  a  strong  indication  that  after  clearing  the  ground 
will  be  well  suited  for  nursery  purposes.  While  the  cost  of  putting 
a  treeless  area  into  shape  may  be  less,  the  site  may  not  be  so  well 
suited  for  growing  trees. 
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CUMATB. 

.  If  possible  nurseries  should  be  located  where  the  climatic  conditions 
are  very  similar  to  those  of  the  planting  sites.  Nursery  stock  will  then 
be  in  a  dormant  stage  in  the  spring  or  fall  when  planting  should  be 
done.  Where  climatic  conditions  are  not  similar,  it  often  happens 
that  in  the  spring  the  nursery  stock  must  either  be  shipped  while  the 
planting  site  is  still  covered  with  snow  or  else  held  at  the  nursery, 
where  it  is  likely  to  start  growth;  or  it  may  be  that  the  planting 
site  will  be  free  of  snow  and  in  the  best  condition  for  planting  before 
the  plants  can  be  removed  from  the  frozen  or  snow-covered  beds  of 
the  nursery.  In  the  fall  the  plants  may  be  still  in  an  unhardened 
condition  at  the  time  when  planting  operaticms  should  be  conducted. 

Regions  of  excessive  winter  winds  where  a  snow  cover  does  not 
remain  should  be  avoided  because  of  the  danger  of  winter  killing 
unless  artificial  mulching  is  practiced.  Mulching  is  expensive,  and 
the  mulch  affords  a  refuge  under  which  rodents  may  work  and 
damage  the  stock. 

Regions  of  excessive  rainfall,  particularly  if  the  soil  is  a  cold  one, 
are  not  well  suited  for  nursery  purposes.  In  such  regions  weeds  are 
more  numerous  than  where  the  climate  is  drier,  moss  and  algae  col- 
lect on  the  nursery  beds,  the  stock  is  less  sturdy,  nursery  operations 
are  impeded,  and  the  number  of  species  which  can  be  successfully 
grown  is  smaller. 

SIZE  AND  ARRANGEMENT  OF  NURSERY. 

There  are  two  general  types  of  Forest  Service  nurseries:  (1)  The 
small  nursery  of  a  capacity  ranging  up  to  200,000  plants  annually, 
usually  located  at  a  ranger's  headquarters  and  designed  for  the  pro- 
duction of  stock  for  planting  only  on  the  forest  on  which  it  is  situ- 
ated; and  (2)  the  large  nursery  established  to  produce  stock  for 
planting  a  group  of  neighboring  forests  which  have  similar  vegetal 
conditions. 

The  relative  merits  of  small  and  large  nurseries  have  not  been 
finally  determined ;  each  possesses  certain  advantages  over  the  other. 
Desirable  sites  of  a  suitable  size  for  small  nurseries  are  more  plenti- 
ful than  those  for  larger  nurseries ;  the  available  water  supply  need 
not  be  so  great;  and  permanent  improvements  in  the  nature  of  fences, 
water  system,  and  buildings  need  not  be  so  extensive.  There  is  a 
decided  advantage  in  growing  plants  near  the  areas  where  they  are 
to  be  used ;  the  stock  is  on  hand  when  wanted ;  a  part  of  the  expense 
of  packing  and  shipping  is  avoided,  and  retention  by  the  roots  of  a 
part  of  the  nursery  soil,  which  would  be  shaken  off  in  transporta- 
tion, is  permitted.    Insect  or  fungous  attacks  in  a  small  nursery  can 
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not,  in  the  aggregate,  produce  such  disastrous  results  as  in  a  large 
one.  Furthermore,  the  time  suitable  for  field  planting  can  be  util- 
ized more  readily  with  locally  grown  stock.  Trees  raised  in  nurseries 
at  a  lower  elevation,  for  example,  may  begin  vegetation  before  con- 
ditions on  the  planting  site  permit  setting  them  out,  and  the  best  time 
for  planting  a  warm,  early  site  may  pass  before  stock  can  be  fur- 
nished from  a  nursery  in  a  colder  situation.  On  the  other  hand, 
because  of  the  closer  and  more  efficient  supervision  in  the  large 
nurseries,  as  well  as  better  facilities  for  tending  the  stock,  a  greater 
proportion  of  the  plants  normally  survive  to  the  age  of  field  plant- 
ing, and  the  better  care  given  the  stock  results  in  its  being  more 
fully  developed  and,  other  conditions  being  equal,  more  able  to  suc- 
ceed under  field  conditions.  The  concentration  of  the  work  at  large 
nurseries  makes  for  efficient  management,  good  stock,  and  low  cost 
of  production. 

A  central  nursery  should  have  a  capacity  of  at  least  a  miUion 
plants.  This  is  desirable  as  a  matter  of  economy,  for  the  larger 
the  nursery  the  more  opportunity  there  will  be  for  intensified  work, 
the  systematizing  of  each  operation,  and  regular  supervision.  By 
these  means  the  cost  per  thousand  plants  may  be  reduced;  three 
or  four  million  seedlings  can  be  grown  at  a  lower  cost  per  thousand 
than  one  or  two  million.  A  large  capacity  is  desirable  for  two  other 
reasons  besides  the  economy  that  may  be  efl'ected :  It  is  an  insurance 
against  a  shortage  of  plants  due  to  unforeseen  losses,  and  heavy 
grading  is  possible  in  well-stocked  nurseries,  so  that  in  each  case  very 
nearly  the  class  of  stock  required  may  be  furnished. 

The  actual  area  of  a  nursery  is  determined  by  the  output  that  is 
desired,  the  species,  the  area  occupied  by  paths  and  roads,  the  spac- 
ings,  the  class  of  stock  produced,  and  the  practice  followed  in  the 
rotation  of  crops.  Possible  rotation  of  crops  being  disregarded, 
the  following  table  indicates  the  area,  exclusive  of  paths  and  roads, 
necessary  for  the  growing  of  1,000,000  seedlmgs  and  transplants 
yearly. 

Table  1. — Seed-bed  area*  in  square  feet,  nc/^essary  to  produce  1,000,000  seed- 
lings tfcarly. 


Numb<*r  of  seedlings  per  square  foot. 

Length  of  time  in  seed 
beds. 

50 

75 

100 

125 

150 

176 

200 

225 

250 

275 

») 

Area  in  square  feet.< 

Ivear 

20,000 
40,000 
G0,000 

13,333 
36,667 
40,000 

10,000 
20,000 
30,000 

8,000 
16,000 
24,000 

6,667 
13,334 
20,000 

5,714 
ll,42S 
17,142 

5,000 
10,000 
15.000 

4.444 

8,888 
13,332 

4,000 
8,000 
12,000 

3.636 
7,272 
10,908 

3.3X1 
ft,  666 
10,000 

2vear8 

3  years 

*■  Add  25  per  cent  In  aeed  beds  and  from  10  to  20  per  cent  in  transplant  beds  to  allow 
for  losses. 

•  1  acre— 43,560  square  feet. 
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Tabu  2.— i4rca*  of  tranapimrU   hedM,  in  square  feet,  necesiarp   to  produce 
lyOOO.OOO  transplants  yearly. 


SpaclnsB,  in  inchM,  in  transplant  b«ds. 

La^th  of  time  in  transplant  iMda. 

Iby  5. 

Iby  6. 

I  by  8. 

3  by  4. 

Area  in  square  fert.« 

lyiar 

H722 
69,444 

41.666 
83,332 

55,555 
111,110 

83,333 

Syflan 

166,667 

1  Add  25  per  cent  in  seed  beds  and  from  10  to  20  per  cent  in  transplant  beds  to  allow  for  losses, 
s  1  aere- 43,560  square  feet. 

Because  of  differences  in  topography,  in  the  characteristics  of  the 
soil,  and  possibly  in  the  requirements  of  the  species,  the  form  of  a 
nursery  will  vary  as  the  location  varies.  Generally  speaking,  an 
area  either  square  or  rectangular,  with  the  two  adjoining  sides  not 
differing  much  in  length,  is  the  best  form.  The  topography  of 
the  area  often  makes  it  impossible  to  lay  out  a  nursery  according  to 
a  preconceived  plan.  The  necessity  of  following  the  base  of  a  hill 
or  avoiding  rocky  patches  of  ground  may  make  regularity  of  outline 
inadvisable.  The  nursery  should  not  be  made  up  of  a  number  of 
small  individual  areas.  They  may  not  admit  of  plowing  and  culti- 
vating and  may  necessitate  preparation  by  hand,  a  slow  and  expen- 
sive operation.  Two  or  three  larger  areas  widely  separated  do  not 
make  a  good  nursery  because  of  the  time  lost  in  passing  from  one 
secticm  to  the  other. 

If  uniform  soil  conditions  exist  throughout  the  nursery,  there 
need  be  little  choice  as  to  the  locaticm  of  seed  and  transplant  beds, 
except  as  a  matter  of  convenience.  Where  uniformity  does  not  exist, 
it  is  advisable  to  locate  the  seed  beds  in  the  portion  having  the  better 
soil.  Seedlings  come  up  in  close  stands  in  the  seed  beds,  so  that 
Uiey  make  greater  demands  upon  the  soil  and  are  more  subject  to  ill 
effects  from  poor  soil  than  transplants,  which  have  better  conditions 
of  growth.  Where  differences  in  soil,  protection,  or  other  conditions 
exist  in  the  nursery  area,  it  is  also  desirable  to  arrange  the  beds  so 
that  the  hardiest  species  will  occupy  the  most  trying  situations. 
Thus  western  yellow  pine  can  be  grown  to  better  advantage  in  stony 
portions  or  those  most  likely  to  dry  out  rapidly  than  can  spruce, 
and  spruce  and  fir  should  be  grown  where  they  would  have  the 
advantage  of  any  natural  shade.  This  phase  of  nursery  practice  is 
not  of  great  importance,  however,  since  the  conditions  can  be  so 
changed  artificially  that  any  of  the  species  can  be  made  to  thrive  in 
any  part  of  the  nursery.  Where  it  is  necessary  to  shade  either  the 
seedlings  or  transplants,  the  beds  should  have  their  long  axes  east 
and  west. 
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The  water  system,  after  it  is  established,  will  determine  to  some 
extent  the  arrangement  of  the  beds.  A  row  of  hydrants  will  fix  the 
location  of  a  path,  and  to  facilitate  watering  at  least  the  transplant 
beds  should  be  laid  out  with  their  long  axes  at  right  angles  to  this 
path  or  row. 

OUTFIT. 

WATER  8T8TEMS. 

The  initial  cost  of  a  water  system  is  high,  and  once  a  system  is 
installed  it  can  be  changed  only  with  considerable  diflSculty  and  ex- 
pense. A  satisfactory  system  will  save  many  hitches  and  delays  and 
in  the  end  will  effect  great  economy.  It  is  desirable,  therefore,  to 
plan  carefully  before  its  installation  and  to  have  in  mind  its  really 
essential  and  most  desirable  features.  These  will  be  enumerated 
under  the  discussion  of  the  different  kinds  of  systems.  There  are 
two  principal  types  of  systems  in  use  in  nursery  operations:  (1)  The 
irrigation  system,  and  (2)  the  sprinkling  system. 

IBBIGATION  SYSTEM. 

In  the  irrigation  system  the  water  is  brought  to  the  nursery  area 
either  in  a  ditch  or  flume  which  taps  a  supply  at  an  elevation  some- 
what above  that  of  the  nursery,  or  it  may  be  pumped  from  a  lower 
level  to  that  of  the  nursery.  It  is  then  distributed  to  the  plants  either 
by  means  of  numerous  small  ditches  from  2  to  3  feet  apart  having 
so  slight  a  gradient  that  the  water  flows  very  slowly,  or  by  flooding 
entire  beds.  When  water  is  diverted  from  a  stream  desirable  fea- 
tures of  an  irrigation  system  are  a  good,  substantial  dam  at  the  point 
of  diversion  of  the  water,  a  head  gate  which  permits  perfect  control 
of  the  water  entering  the  ditch,  and  a  clay-lined  ditch  or  a  flume  to 
convey  the  water  to  the  nursery.  A  flume  or  water  pipe  is  somewhat 
preferable  to  an  open  ditch.  The  gradient  of  the  main  ditch  or  flume 
will  depend  upon  the  velocity  desired  and  the  cross-sectional  area  of 
the  channel.  At  the  Savenac  Nursery  the  main  ditch,  which  is 
slightly  over  a  mile  in  length,  has  a  fall  of  6  feet.  The  gradient  of 
the  small  ditches  which  convey  the  water  to  the  plants  throughout  the 
nursery  should  not,  in  heavy  soils,  exceed  IJ  inches,  or,  in  light, 
porous  soils,  3  inches  per  100  feet. 

When  water  is  pumped  from  a  lower  level  directly  to  the  nursery 
for  irrigation  purposes,  the  prime  essential  in  addition  to  that  of 
gradient  is  that  there  be  pumps  of  sufficient  capacity  to  furnish  all 
the  water  necessary  while  the  operation  is  in  progress.  At  the 
Bessey  Nursery  three  5-horsepower  gasoline  engines  and  centrifugal 
pumps  are  used  to  pump  water  from  the  river  into  a  4-inch  main 
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pipe  line  which  runs  along  one  edge  of  the  nursery,  (See  PI.  11.) 
From  this  pipe  it  is  distributed  to  the  beds  through  6-inch  canvas 
hose,  flooding  being  practiced  for  transplant  beds  and  for  the  seed 
beds  after  germination  is  completed. 

SFRINKLINO   8T8TB1C. 

In  the  sprinkling  Sfystem  the  water  is  conveyed  to  and  through 
the  nursery  by  a  system  of  pipes  and  applied  to  the  plants  ordi- 
narily by  the  use  of  garden  sprinklers.  Where  it  is  practicable,  a 
gravity  pipe-line  sprinkling  system  in  which  water  is  diverted  from 
a  sirring  or  stream  at  a  higher  elevation  and  thence  conveyed  directly 
to  the  nursery  is  the  best  type  because  it  is  the  simplest.  A  system 
with  a  tank  or  reservoir  above  the  level  of  the  nursery  to  which 
water  is  pumped  and  then  piped  to  the  nursery  may  in  some  cases 
be  ^e  most  practicable  one.  A  tank  or  reservoir  may  sometimes  be 
neeessary,  even  with  a  gravity  system,  to  provide  for  storage  of 
water  to  meet  the  needs  of  the  nursery  when  heavy  watering  is 
practiced. 

In  planning  a  sprinkling  system  the  length  of  hose  to  be  used 
should  first  be  decided.  The  most  convenient  length  is  50  feet. 
Greater  lengths  are  cumbersome;  shorter  lengths  necessitate  a  too 
frequent  change  of  faucets.  As  a  hose  should  reach  half  way  be- 
tween parallel  lines  of  pipes,  it  follows  that  adjacent  pipe  lines 
Aould  not  be  farther  apart  than  100  feet.  Given  two  faucets  100 
fe^  apart,  it  is  clear  that  a  50-foot  hose  will  convey  water  in  a  line 
with  them  over  a  distance  of  at  least  190  feet.  'This  allows  only  45 
feet  for  the  length  of  the  hose,  the  asmmption  being  that  a  portion 
of  its  length  will  be  taken  up  by  curves  at  the  faucet  and  nozzle. 
Keeping  on  a  path,  a  man,  hose  in  hand,  can  conveniently  water  a 
strip  only  about  15  feet  wide  on  either  side  of  it.  This  indicates  that 
the  paths  from  which  the  watering  is  to  be  done  should  be  80  feet 
apart  and  that  there  should  be  a  faucet  at  each  path.  Thus  the  sec- 
tions of  beds  should  be  80  feet  wide  throughout  and  of  any  desired 
length  up  to  100  feet.  For  a  sprinkling  system  of  watering,  this  is 
bdieved  to  be  a  very  economical  arrangement  of  pipe  lines  and 
faucets.  If  a  shorter  hose  were  used  it  would  be  necessary  to  have 
the  main  pipe  lines  closer,  necessitating  more  pipe  and  more  labor 
for  installation.  The  use  of  a  longer  hose  would  mean  less  pipe, 
but  much  additicmal  time  and  labor  in  handling  the  hose.  The  in- 
creased wei^t  of  longer  hose  is  not  of  particular  significance,  but 
the  care  necessary  to  prevent  its  dragging  across  the  beds  and  bend- 
ing and  breaking  the  plants  is  much  greater  in  long  than  in  short 
lengths. 
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From  each  faucet  of  a  system  so  installed  an  area  of  3,000  square 
feet  can  be  watered  by  means  of  a  nozzle.  If  lawn  sprinklers  are 
used  the  spacing  of  the  faucets  on  each  pipe  line  should  be  regu- 
lated by  the  distance  to  which  the  spray  can  be  thrown  when  several 
sprinklers  are  in  use.  Twice  this  distance  will  determine  the  spacing. 
Thus  if  the  spray  can  be  thrown  in  a  radius  of  10  feet  the  faucets 
should  be  20  feet  apart. 

The  pipe  should  be  sunk  deep  enough  to  allow  the  use  of  plow 
and  harrow  in  preparing  the  ground;  and  where  there  is  need  for 
water  all  winter,  the  system  should  be  buried  deep  enough  to  avoid 
the  danger  of  freezing. 

The  longer  the  pipes  the  smaller  their  diameter,  and  the  less  the 
head  of  water  the  greater  is  the  decrease  in  flow  through  friction. 
It  follows  that  to  obtain  the  same  flow  per  unit  of  time  the  head  of 
water  must  be  greater  when  small  than  when  large  pipes  are  used, 
and  that  with  a  given  head  and  quantity  the  greater  volume  of 
water  will  be  available  for  use  if  it  is  conducted  to  and  through  a 
nursery  in  large  pipes.  It  is  often  difficult  to  control  the  length  of 
the  pipes  and  the  head  of  water.  The  size  of  the  pipe  used,  however, 
is  entirely  within  control.  In  order  to  secure  sufficient  pressure  to 
run  10  or  12  sprinklers  at  the  same  time  there  should  be  a  head  of 
water  not  less  than  50  feet;  the  main  pipe  should  be  3  or  4  inches 
in  diameter  (the  latter  is  preferable) ;  and  the  laterals  and  stand- 
pipes  should  be  IJ  or  2  inches  in  diameter.  One  system  which 
embodies  these  features  has  over  4,000  feet  of  main-line  pipe,  but  at 
its  lower  end  it  carries  75  gallons  of  water  per  minute. 

To  facilitate  its  cleaning  out,  a  water  reservoir  should  have  an 
outlet  besides  that  of  the  distributing  pipe  line.  To  prevent  sand 
or  gravel  from  getting  into  the  system  and  clogging  nozzles  or 
sprinklers,  the  pipe  at  the  intake  should  be  covered  with  both  a 
coarse  and  a  fine  screen. 

There  should  be  one  gate  valve  next  to  the  reservoir,  one  on  the 
main  pipe  just  before  it  reaches  the  nursery  area,  and  one  at  the 
junction  of  each  lateral  with  the  main  pipe.  The  pipe  line  should 
have  union  connections  at  intervals  of  approximately  100  feet  and 
at  the  junction  of  branches.  These  will  make  it  unnecessary  to  dig 
up  the  entire  line  when  there  is  a  part  to  be  mended.  There  should 
be  a  plug  or  preferably  a  gate  valve  at  the  lower  end  of  the  main 
and  of  each  branch  of  the  pipe  line.  These  will  permit  the  washing 
out  of  the  pipes  in  case  they  beccmie  clogged  or  obstructed,  and 
also  their  draining  for  the  winter.  All  of  the  unions  and  any  of 
the  other  important  parts  of  the  underground  pipes  should  be  clearly 
marked  on  the  ground  itself  in  some  manner,  such  as  by  boxed 
openings  or  slightly  projecting  stakes.  .  Finally  a  very  careful  dia- 
gram of  the  system,  on  which  all  of  its  parts  are  clearly  indicated| 
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^ould  be  drawn  to  scale.     A  system  embodying  these  desirable 
features  is  shown  in  figure  1. 

Ca9t  of  pipe. — ^While  the  costs  of  pipe  vary,  some  of  the  prices 
paid  at  Forest  Service  nurseries  are  cited,  simply  to  show  the  relative 
value  of  different  types: 

Cents 
per  foot. 
6-inch  Douglas  fir  wooden  pipe* 17i 

44nch  Douglas  fir  wooden  pipe 13i 

4-iDch  black  Iron  pipe 431 

2finch  galvanized-lron  pipe 25 

2-iDch  galvanized-lron  pipe 18 

If-iach  galvanized-lron  pipe 12 

l-lncfa  galvanized-iron  pipe 8 


^- 


C^»*npi^  wi«»  pluC 


;^^_l  Bou/Mlary  o. 
I  Mursttry  Area 

-'         Mam  npeLme 
■-  —  La««nal  FHpa  Lin«> 

^        Unions 


-fPO  ^£T 

Fio.  1. — Diagram  of  a  water  tiystein. 


OOMPAaATIVE   MERITS   OF  UBIQATION    AND   SPBINKLINO    SYSTEMS. 

In  general,  irrigation  is  not  so  satisfactory  as  a  piping  system. 
It  has  some  commendable  points  and  others  which  are  objectionable. 
It  does  not  require  so  large  an  initial  outlay  as  a  sprinkling  system ; 
there  need  be  very  little  head  to  the  flow  of  water;  in  subirrigation 
by  ditches  heavy  soils  do  not  tend  to  bake  so  much  as  when  sprinkled ; 
possibly  a  greater  area  can  be  covered  per  day  than  by  sprinkling, 
and  the  water  which  comes  in  open  ditches  usually  is  warmer 
than  that  coming  through  pipes,  which  is  a  desirable  feature.  On 
the  other  hand,  to  irrigate  effectively  there  must  be  very  little 
slope  to  the  land  and  the  area  must  be  very  evenly  graded;  ditch 
irrigation  necessitates  frequent  paths,  and  consequently  a  much  larger 
area  for  the  production  of  stock,  with  all  that  it  entails  in  prepara- 


>  Dodglas  Or  wooden  pipe  has  given  excellent  satisfaction  where  used, 
pipe  wears  better  than  black  Iron  pipe. 
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tion,  fertilization,  weeding,  and  cultivation ;  the  main  ditch  may  silt 
up  and  have  to  be  dug  out  each  spring  and  the  laterals  have  to  be 
entirely  reconstructed  each  time  the  area  is  replowed;  it  takes  a 
more  experienced  man  to  water  by  irrigation  than  by  sprinkling;  a 
considerable  number  of  plants  are  covered  in  digging  out  and  filling 
up  a  ditch  to  divert  the  water  from  one  ditch  to  another;  transplants 
can  not  very  readily  be  watered  immediately  after  being  set  out; 
all  plants  are  not  watered  evenly;  baking  is  worse  when  flooding 
is  practiced  on  clay  soils  than  under  any  other  system;  and  it  requires 
more  water  for  each  operation  than  does  sprinkling. 

mCLOSURE  FOR  NURSBRT  AREA. 

At  every  permanent  nursery  a  good  fence  is  needed,  and  all 
nurseries  subject  to  damage  through  grazing  by  domestic  stock  or 
by  deer  must  be  adequately  fenced  against  such  animals.  Where 
rabbits  abound  it  will  often  be  desirable  to  protect  the  nursery  against 
them  by  meshed  wire  screen  at  the  base  of  the  fence  or  by  a  woven 
wire  fence  whose  lower  mesh  is  small  enough  to  exclude  them. 

If  a  nursery  is  subjected  to  the  action  of  heavy  winds  which  bend, 
whip,  or  break  the  plants  or  shift  a  light  soil  so  as  to  cover  a  portion 
of  them,  or  dry  out  the  soil,  a  windbreak  is  desirable.  A  slat  fence 
5  or  6  feet  high  will  afford  some  protection.  A  very  effective  wind- 
break is  made  by  nailing  parallel  rows  of  slatting  on  both  sides  of  a 
row  of  posts  and  stuffing  the  space  between  with  hay.  Living  wind- 
breaks of  trees  or  shrubs  also  afford  protection  and  where  needed 
should  be  grown.  The  trees  or  shrubs  chosen  for  the  purpose  should 
be  those  of  a  compact,  bushy  habit  which  are  known  to  be  hardy  in 
the  locality.  They  should  be  planted  from  25  to  50  feet  from  the 
nursery  area.  If  immediately  adjacent,  they  do  considerable  damage 
to  the  nursery  stock  growing  within  their  root  zone. 

NURSERY  BUII4DING& 

At  large  nurseries  there  will  generally  be  needed  several  nursery 
buildings,  a  house  and  woodshed  for  the  man  in  charge,  a  bam,  a 
packing  shed,  and  a  storehouse.  The  storehouse  will  serve  as  a  stor- 
age place  for  seed  supplies,  tools,  stakes,  hoee,  lath  ^ade  frames, 
seed-bed  frames  of  the  knock-down  type,  and  any  other  equipment 
It  should  be  located  as  near  the  nursery  as  possible.  The  packing 
shed  should  be  partly  open  to  the  south  and  should  be  supplied  with 
packing-box  material,  moss,  burlap,  nails,  cord,  labels,  and  paint. 

At  nurseries  so  far  removed  from  town  that  it  will  be  necessary 
at  times  to  feed  and  house  a  working  crew,  a  cook  house  and  bunk 
house  will  be  necessary.  The  bunk  house  i^ould  be  furnished  with 
a  heating  stove  and  the  cook  house  with  a  large  cooking  range,  a 
complete  set  of  cooking  utensils  and  dishes,  good  working  benches, 

uigiiizea  oy  'vjv_/v>'pi  lv. 


NURSERY   PRACTICE  ON  THE  NATIONAL  FORESTS. 


15 


a  sink  and  drain,  running  water  if  possible,  a  hot-water  barrel, 
shelves,  and  a  long  dining  table  with  benches.  A  small  storeroom 
for  supplies  and  a  bedroom  for  the  cook  and  cookee  should  be  par- 
titioned off. 

NUB8EBT  EQUIPIIENT.  ^ 

^  C(H)6iderable  equipment  is  necessary  in  a  nursery.    The  loss  of 

time  and  increase  in  labor  and  trouble  caused  by  insufficient  equip- 
ment will  ordinarily  amount  in  a  short  time  to  more  than  the  cost  of 
an  adequate  supply.  The  equipment  is  not  the  same  in  all  nurseries; 
but  that  generally  needed  and  its  current  cost  in  1913  is  indicated 
below: 


EqiilpineDt. 


Cost. 


Hmow... 

Aim  with  handles: 

Siogieblt 

_  Doablebit 

8hoT«h 


Mattocks  with  handles. 

Picks  with  handlflB 

6Ied9sNo.6 

£ort^»le  digger 

Crowbar,  per  poimd 

Foifs. 


Anffl,  per  pouiid 

£MlsforfQiSe,perset 

Hoss 

P^toob: 

Threader  and  dies  for  1-inch  and  2-inch  pipe . 
-  Pipevfce 

Stfibon  wrenches,  14  -inch 

^   Smison  wreoobes,  18-indk 

Haminer. 


CSTMBter's 
Bted  square 


I  square. 

ChiseE: 

Brace. 


SetofbitalbrbiBoe.. 
Beodi  screw  for  vise. 
Hose,  per  linear  loot. 

Molet^ 

Gopher  tr^> 

Moose  trap 

Nails,  per  pound. 


Screws  (pnce  varies) 

Plaotfaw  boards  (price  varies) . 
B«avv8axt    ' 


Heavy  flax  twine,  per  pound . 

Wheeibawow  (steel) 

Beale  for  weighing  seed 


l350-f400 

75-100 

16.50 

18.00 

1.75 
2.00 
1.25 
1.25 

.75 
1.25 
1.26 
1.10 
1.75 

.06 
10.00 

.13 
12.00 

.75 

7.50 

2.25 

.05 

.00 

.75 

2.00 

1.50 

.50-1.50 

1.25 

4.50 

.75 

.12 

1.25 

1.26 

.05 

.06 


.50-2.50 

.35 

7.50 

10.00 


In  addition,  it  is  always  well  to  have  on  hand  a  little  lumber — 
dimension  stuff,  planks,  and  boards. 

NURSERY  OPERATIONS. 

NUBSBBT  SUPERVISION. 

The  measure  of  success  in  nursery  practice  is  the  character  of 
the  stock  produced  and  its  cost.  The  various  operations  should 
therefore  be  under  the  supervision  of  an  efficient  executive  or  fore- 
man, one  who  is  thoroughly  practical,  a  close  observer,  constantly 
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alert  to  improve  methods  in  the  ordinary  routine,  and  fully  alive  to 
the  desirability  of  reducing  costs  of  operation  and  overhead  charges. 
It  is  desirable  that  he  have  a  knowledge  of  plant  physiology  and 
pathology,  for  tjfis  will  enable  him  to  note  quickly  imperfections  or 
disease  in  his  stock  and  to  seek  methods  for  improving  its  quality  or 
health. 

INITIAL  PBEPARATION  OF  NUR8BBT  SITE. 

On  a  site  which  has  already  been  cleared  or  is  free  of  all  stumps, 
logs,  and  woody  growth,  the  first  step  in  preparing  the  ground  is 
to  remove  the  litter,  rocks,  and  pieces  of  roots.  The  surface  soil 
should  be  thoroughly  hand  raked  and  rubbish  carted  away ;  the  area 
should  then  be  plowed  and  harrowed  very  thoroughly.  Where  there 
is  a  grass  cover  it  should  be  scraped  off  close  and  burnt  to  ashes  after 
the  sod  is  thoroughly  dried ;  or  better,  it  may  be  plowed  under  and 
the  area  devoted  to  field  crops  for  a  year  or  two  until  the  sod  is 
thoroughly  decomposed.  Piles  of  brush  should  not  be  burned  on 
the  nursery  area  because  deterioration  of  the  soil  results. 

Experience  has  proved  that  plowing  and  replowing  and  harrowing 
and  reharrowing,  amply  pay  for  themselves  in  the  resulting  condi- 
tion of  the  area.  Bocks,  roots,  and  trash  which  would  interfere  with 
the  nursery  operations  are  not  only  brought  to  the  surface  and  re- 
moved, but  hollows  are  filled  in  and  elevations  cut  down  until  the 
whole  surface  is  brought  to  an  even  grade.  The  initial  plowing  and 
harrowing  must  be  more  intensive  than  those  of  after  years  because 
of  the  greater  amount  of  rubbish  present  and  the  roughness  of  the 
land.  Heavy  soils,  fall  plowed  and  left  rough,  are  much  meUowed 
and  improved  by  the  action  of  the  frost  and  are  in  a  better  state  to 
absorb  and  retain  the  winter  moisture;  Unless  replowed  in  the 
spring,  however,  they  are  packed  and  hard  to  work.  Spring  plow- 
ing and  harrowing  puts  a  soil  in  excellent  condition  for  working; 
but  after  transplanting  operations  are  finished  the  soil  may  settle 
and  leave  the  plants  sticking  too  high  out  of  the  ground.  The  com- 
bination of  fall  plowing  with  cross  plowing  and  harrowing  in  the 
spring  is  undoubtedly  best,  provided  the  soil  can  be  watered  and 
settled  somewhat  before  transplanting  begins. 

The  seed-bed  area  should  be  further  prepared  with  a  shovel  or 
garden  fork,  the  lumps  of  earth  mashed,  and  then  finely  pulverized 
by  raking.  In  either  plowing  or  spading  the  soil  should,  if  possible, 
be  stirred  to  a  depth  of  a  foot  Very  shallow  cultivation  may  result 
in  shallow  root  development,  heaving,  and  poor  plant  growth  through 
drying  out  of  the  soil.  Deep  cultivation  involves  the  risk  of  bring- 
ing to  the  surface  the  poorer,  less  fertile  subsoil,  in  which  plants  do 
not  develop  properly. 
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PSEPARATION  OF  SEED  BEDS. 

Where  damage  from  rodents  or  birds  need  not  be  guarded  against 
the  seed  beds  may  be  of  any  desired  size.  They  should  be  staked 
off  uniformly  and  with  mathematical  precision.  This  will  make 
calculations  easy  and  will  make  possible  the  employment  of  uniform 
methods  in  subsequent  work.  A  4-foot  width  facilitates  sowing, 
covering,  and  weeding  operations.  Forty  inches  has  been  found  to 
be  a  desirable  width  where  burlap  is  used  as  a  cover.  Where  dam- 
age from  rodents  or  birds  is  possible  small  beds  4  by  12  feet  are 
desirable,  because  they  are  easily  protected  by  the  use  of  the  screened 
frames,  to  be  discussed  later. 

To  promote  capillary  action  and  avoid  uneven  settling  of  the 
soil,  particularly  where  the  soil  is  light  and  sandy,  the  beds  should 
either  be  rolled  with  a  heavy  hand  roller  or  thoroughly  watered 
before  the  final  leveling.  The  leveling  and  smoothing  of  the  sur- 
face is  done  with  a  rake  and  should  be  thorough.  It  will  help  in 
securing  an  even  covering  of  the  seed  and  uniform  germination, 
for  an  irregular  surface  is  often  responsible  for  seedlings  appear- 
ing thickly  in  one  spot  and  thinly  in  another. 

At  one  of  the  California  nurseries  a  special  method  of  leveling  has 
been  used.  A  frame  4  by  12  feet,  inside  dimensions,  is  constructed 
of  1  by  4  inch  material,  the  boards  resting  on  edge.  This  is  sunk 
about  1  inch  into  the  beds  that  have  been  spaded  and  raked. 
A  section  3  inches  wide  by  6  inches  long  is  cut  out  of  the  lower  edge 
of  each  end  of  a  board  1  inch  by  4  inches  by  5  feet,  which  results 
in  the  shape  shown  in  figure  2.  The  portion  of  the  board  which  is 
4  feet  long  and  3  inches  deep  is  intended  to  fit  within  the  4-foot 
frame,  the  6-inch  ends  resting  upon  the  sides  of  the  frame  and 
serving  as  handles.  The  appearance  of  the  frame  and  board  in 
operation  is  shown  in  figure  2.  The  board,  which  is  called  the 
^planing  board,"  is  drawn  the  length  of  the  bed  with  the  projecting 
inner  4-foot  portion  sweeping  over  the  loose  soil.  As  the  board  is 
drawjtt  along  it  may  be  necessary  to  fill  in  with  soil  any  low  places 
in  the  bed  in  front  of  it.  The  surface  of  a  bed  thus  prepared  will 
be  smooth  and  ready  for  sowing. 

A  slight  modification  of  the  apparatus  appears  to  be  more  prac- 
tical. The  frame  need  not  be  sunk  into  the  bed,  but  may  be  rested 
on  the  surface  of  the  soil.  The  projecting  portion  of  the  planing 
board  will  then  have  to  be  as  deep  as  the  frame  itself.  Three-inch 
material,  stiff  enough  to  retain  its  shape,  is  wide  enough  for  the 
construction  of  the  frames.  At  the  Wind  River  Nursery,  where  this 
system  is  foUcwed,  the  lower  sill  of  the  shade  frame  is  used  instead 
of  a  special  frame. 
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On  first-class  nursery  situations  the  drainage  of  the  seed  beds  will 
not  need  consideration.  If'  the  drainage  is  not  good  on  account  of 
the  situation  or  the  soil,  it  should  be  improved  by  raising  the  beds 
slightly  above  the  surrounding  level  and  the  center  of  each  bed 
slightly  above  its  edges.  Ordinarily  the  beds  can  be  raised  suffi- 
ciently by  shoveling  out  the  paths  from  2  to  4  inches  deep.  An 
ample  edge  should  be  allowed  for  the  frames  and  for  washing  by 
rain.  If  the  soil  is  very  loose,  it  may  be  necessary  to  protect  the 
edges  of  the  beds  by  a  board  frame  sunk  in  the  ground. 


Planing-  Board 


Sect"lon  of  Seeding  rrame 
with  Pl«ning  Board   in   plac 


Fio.  2. — Seed-bed  equipment 

The  cost  of  preparing  seed  beds,  including  plowing,  harrowing, 
spading,  arid  raking,  has  been  $0.0027  per  square  foot  at  the  Boulder 
Nursery  and  $0.00416  ftt  the  Wind  Kiver  Nursery. 

SOWING  OF  SEEH. 

Seed  sowing  is  considered  by  some  as  the  most  important  single 
nursery  operation.  Sowing  to  secure  the  desired  number  of  trees 
per  square  foot  requires  considerable  knowledge,  skill,  and  care. 
Hence,  this  is  work  that  capable  nurserymen  handle  themselves  or 
supervise  very  closely. 

The  following  points  are  of  especial  importance.  All  seed  used 
in  a  nursery  should  be  fresh  and  clean.  Fresh  seed  germinates 
more  vigorously  and  is  less  liable  to  rot  than  old  seed,  and  it  is 
not  so  likely  to  produce  distorted,  weak  seedlings.  Seed  from 
local  collecting  is  best  because  the  seedlings  produced  are  best 
adapted  to  the  soil   and   moisture   conditions  and   to  the   length 
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of  the  growing  season  at  the  nursery.  When  feasible  the  seed 
^ould  be  graded  so  as  to  eliminate  the  weak  seed  In  the  beginning 
and  prevent  the  production  of  stock  which  is  undesirable  and  will 
have  to  be  discarded  later  on.  Other  things  considered,  the  larger 
seeded  forms  of  a  species  are  to  be  preferred  because  they  produce 
larger  plants  in  the  same  length  of  time  than  the  smaller  seeded 
varieties. 

In  no  case  should  seed  be  used  whose  germination  per  cent  is  less 
than  the  average  for  the  best  fresh  seed  of  the  species.  Germination 
tests  should  be  made,  and  the  seed  which  is  found  unsuitable  rejected. 
The  use  of  seed  whose  quality  is  not  known  may  result  in  very  thin 
stands  of  seedlings  and  thus  upset  nursery  and  planting  plans  for  a 
year  or  two.  When  regular  germination  tests  have  not  been  con- 
ducted, some  knowledge  of  the  quality  of  the  seed  may  be  obtained  by 
catting  open  200  or  more  and  noting  the  condition  of  the  kernel  or 
meat  If  the  kernel  is  plump  and  full  and  of  a  good  cream  or  white 
color  the  seed  is  probably  good.  This  test  is  not  wholly  a  reliable 
or  satisfactory  one,  however,  since  it  usually  gives  higher  percent- 
ages of  good  seed  than  are  obtained  when  regular  germination-test 
methods  are  employed. 

Seed  which  will  germinate  at  the  rate  indicated  in  the  following 
iMe  will  generally  prove  satisfactory  for  nursery  purposes.  The 
figures  were  obtained  through  actual  tests  of  200  seeds  of  each  species, 
sown  in  small  flats  filled  with  sand  or  soil  and  exposed  to  a  greenhouse 
winter  and  spring  temperature  of  from  60°  to  80^  F.  The  figure 
given  under  100  days  is  not  necessarily  the  final  germination  per 
cent  of  the  species;  but  the  percentage  shown  for  each  species  listed 
is  a  very  good  one  for  a  test  covering  that  period  of  time. 


Results  of  germination  tests. 

0«niilxiatIon  p«r  cent. 
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METHODS   OF    SOWING. 

Whether  sowing  shall  be  broadcast,  in  drills,  or  in  flats  will  be 
governed  largely  by  local  conditions.  Each  method  has  advantages 
under  certain  conditions. 

In  drill-sown  beds  cultivation  and  weeding  between  the  rows  by 
means  of  small  hand  tools  is  possible,  and  root  pruning  can  be  prac- 
ticed. Where  cultivation  is  practiced  there  is  less  need  of  watering, 
and  the  soil  is  better  aerated  and  is  kept  warmer  and  in  better  tilth. 
Even  stands  are  more  easily  secured  by  an  inexperienced  man  in 
drill  sown  than  in  broadcasted  beds;  seedlings  can  be  more  easily 
dug  and  with  less  damage  to  the  roots,  particularly  in  heavy  soils, 
and  in  some  cases  winter  damage  from  snow  (as  with  Douglas  fir  at 
the  Cottonwood  Nursery)  and  heaving  are  less  serious.  Damping- 
off  can  be  more  readily  controlled  by  cultivation  when  the  beds 
are  drill  sown  than  when  they  are  broadcasted,  provided  the  con- 
ditions are  such  that  cultivation  is  effective  against  the  disease. 
Such  cultivation,  however,  is  seldom  effective.  On  the  other  hand, 
the  drill-sown  seed  in  germinating  may  break  the  soil  and  leave 
an  open  ditch  in  line  with  the  drills,  thus  exposing  the  seed  which 
Kave  not  yet  germinated.  Where  damping-off  is  prevalent  this 
partly  open  ditch  forms  an  ideal  moist  chamber  for  tiie  development 
and  spread  of  the  fungus  along  the  whole  row.  At  the  Priest  River 
Experiment  Station  damping-off  has  been  more  serious  in  drill-sown 
western  yellow-pine  beds  than  in  broadcasted*  Drill  sowing  is  not 
well  adapted  to  the  sowing  of  seed  with  a  low  germination  per  cent, 
because  the  drills  must  be  made  dtep  and  the  seed  sown  very  thick 
in  the  row,  with  the  result  that  a  porticHi  of  them  do  not  come  in  con- 
tact with  the  soil,  and  the  bottom  seed  are  covered  so  deeply  that 
upon  sprouting  they  are  unable  to  push  their  way  through  the  cover- 
ing above  them. 

In  broadcasted  beds  cultivation  is  not  possible  and  weeding  must  be 
done  by  hand,  but  if  the  beds  are  fully  stocked  the  plants  will  shade 
the  ground  completely,  decreasing  evaporation  and  killing  out  the 
weeds,  so  that  there  is  less  need  of  these  operations.  A  greater  num- 
ber of  good  seedlings  can  be  grown  per  square  foot  in  broadcasted 
beds;  if  necessary  an  area  can  be  resown  without  disturbing  the 
original  stand ;  and  the  plants  are  less  crowded  and  in  general  reach 
better  development  than  in  drill-sown  beds.  Broadcasting  permits 
the  necessary  heavy  sowing  and  uniform  covering  of  seed  ha\nng  a 
low  germination  per  cent. 

In  general  it  seems  that  in  heavy  soils  or  at  nurseries  where  the 
water  supply  is  deficient,  either  of  which  makes  cultivation  desirable, 
or  where  root  pruning  is  to  be  practiced  drill  sowing  is  preferable. 
Where  cultivation  appears  unnecessary  and  the  water  supply  is  siiffi- 
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cient,  or  where  it  is  desirable  to  effect  an  eocmomy  in  space,  as  under 
high  shade  frames,  broadcasting  is  prelerable.  In  Forest  Service 
nurseries  broadcasting  is  coming  more  and  more  into  favor. 

Sowing  in  drills. — ^In  the  drill  method  the  seed  are  distributed 
in  drills  from  3  to  6  inches  apart  and  from  one-fourth  to  one-half 
inch  deep  by  means  of  a  hand  seed  drill,  or  a  seeding  board,  or 
by  hand.  If  a  seed  drill  is  used,  it  has  to  be  regulated  by  trial  to 
sow  the  proper  number  of  seed  per  linear  foot.  After  the  drill  is 
regulated  the  hopper  is  filled  with  seed  and  the  drill  is  pushed  ahead 
in  a  straight  line.  At  the  Cottonwood  and  Pilgrim  Creek  Nurseries 
drills  have  proved  twice  as  rapid  as  broadcasting.  However,  there 
are  some  drawbacks — ^resinous  seed  stick  and  do  not  feed  well;  the 
seed  must  be  very  clean ;  it  is  difficult  to  regulate  the  drills  so  that 
they  will  distribute  the  seed  evenly,  especially  small  seed;  and  the 
drills  are  not  so  well  suited  for  sowing  across  the  beds  as  lengthwise. 

For  drill  sowing  across  the  beds  a  marker,  hinged  seeding  board, 
and  a  seed  trough  (see  fig.  3)  have  proved  highly  efficient.  The 
marker  consists  of  a  plank  4  feet  long,  15  inches  wide,  and  1^  inches 
thick,  with  two  handles  projecting  beyond  each  end,  and  with  tri- 
angular strips  of  wood  from  one-half  inch  to  1  inch  thick  on  a  side 
and  4  feet  long,  nailed  longitudinally  and  parallel,  from  3  to  6 
inches  apart,  on  its  under  side.  By  pressing  these  triangular  strips 
or  cleats  into  the  soft  earth  of  the  prepared  seed  bed  perfect  V-shaped 
depressions  can  be  made  of  the  depth  desired.  Two  men  can  mark 
from  100  to  200,  4  by  12  foot  beds  per  day  with  this  board,  depend- 
ing upon  the  depth  desired  and  the  condition  of  the  soil. 

The  seeding  board  consists  of  two  strips  of  board  4J  feet  long,  3 
inches  wide,  and  three-fourths  inch  in  thickness  (narrow  bevel  siding 
is  stHuetimes  used),  joined  edge  to  edge  by  a  small  hinge  at  each 
end.  The  adjoining  edges  of  the  boards  for  a  distance  of  4  feet 
(the  widtli  of  the  seed  beds)  are  beveled  on  the  top  side  between 
the  hinges,  one  edge  much  more  than  the  other,  so  that  a  shoulder 
is  formed  on  which  seed  uniformly  distributed  will  remain  when 
the  board  is  dipped  into  the  trough  partly  filled  with  seed,  then 
tipped  each  way  so  that  all  superfluous  ones  will  fall  back  into  the 
trough.  By  varying  the  depth  of  the  groove  and  the  width  of  the 
dioulder  on  the  adjoining  side  the  board  can  be  made  to  sow  any 
quantity  desired.  One  of  the  outer  edges  of  the  board  is  beveled  far 
back  on  the  under  side  so  as  to  offer  no  obstruction  when  the  seed 
is  dipped.  Two  men  operate  it,  one  at  each  side  of  the  bed.  The 
board  is  dipped  with  a  swinging  motion  into  the  trough  and  then 
lowered  and  held  close  over  the  drill  to  be  seeded;  the  hinges  are 
bent  upward,  and  the  seeds  fall  into  the  drill. 

The  seeding  trough  is  8  inches  deep,  rounded  slightly  on  the  bot- 
tom and  up  one  side,  from  10  to  14  inches  wide,  and  5  feet  long.    It 
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is  mounted  on  legs,  raising  it  from  16  to  24  inches  above  the  ground. 
The  trough  is  set  to  straddle  a  seed  bed  in  which  drills  have  been 
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CnD5s-section  of  Seed I'ng^  Board 


Fio.  8. — Seeding  apparatus. 


marked.    By  this  method  two  men  can  easily  sow  per  day  from  30 
to  40, 4  by  13  foot  beds,  of  48  drills  each,  and  as  many  as  60  hava  baan 
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sown.  The  seed  is  covered  by  another  man.  Working  too  rapidly 
should  not  be  allowed,  since  speed  induces  carelessness  with  the  aver- 
age workman.  The  nurseryman  himself  should,  if  possible,  be  one 
of  the  crew  to  manipulate  the  board,  or  he  should  select  very  reliable 
men  for  the  operation. 

Drills  are  also  made  with  a  concrete  roller  fitted  with  parallel, 
evenly  spaced  cleats  extending  its  entire  length  (PL  III,  fig.  2)  and 
with  a  large,  heavy  wooden  rake  whose  teeth  are  spaced  at  the  right 
interval ;  and  seed  sowing  is  conducted  by  hand,  with  shotgun  shell, 
or  with  a  tin  can  with  a  hole  punched  in  the  bottom.  None  of  these 
methods,  however,  are  so  rapid  nor  any  more  efficient  than  the  first 
described. 

Broadcast  sowing. — ^In  broadcasting,  seed  is  scattered  by  hand  over 
the  prepared  beds.  The  total  amount  is  not  entirely  distributed  the 
first  time;  a  portion  is  reserved,  so  that  the  sower  may  again  cover 
the  area  and  scatter  it  where  there  is  a  sparse  distribution.  Pro- 
ficiency in  broadcast  sowing  is  obtained  only  after  considerable  ex- 
perience, and  even  stands  of  seedlings  are  not  so  readily  secured  by 
an  inexperienced  man  as  in  drill  sowing.  When  the  sower  is  experi- 
enced this  method  is  rapid,  one  man  when  not  covering  the  seed  being 
able  to  sow  an  area  of  from  4,000  to  9,000  square  feet  in  a  day.  After 
sowing  the  seed  should  be  pressed  into  the  soil  by  means  of  a  wide, 
flat  board  or  by  a  light  roller.  The  board  or  roller  should  be  dry, 
or  the  seed  will  stick  to  it. 

Sawing  in  -flats  and  pots. — ^For  southern  California,  where  the  cli- 
matic conditions  are  especially  trying  on  young  planted  trees,  some 
transplant  stock  is  produced  in  individual  paper  pots.  The  seed  are 
sown  in  flats,  and  the  seedlings  transplanted  into  the  pots,  which  are 
later  set  out  in  the  field. 

Several  small  holes  are  bored  through  the  bottom  of  the  flats,  one- 
half  inch  of  small  gravel  is  put  in  to  allow  for  drainage,  and  then 
4  or  5  inches  of  good  loamy  soil.  This  is  packed  in,  the  surface  is 
anoothed,  and  the  seed  is  sown  and  covered. 

Sowing  in  flats  has  three  advantages — ^very  good  drainage  can  be 
provided  for  the  seedlings,  the  depth  of  the  covering  of  the  seed 
can  be  well  regulated,  and  transplating  is  easier.  On  the  other  hand, 
it  is  more  expensive  than  raising  stock  in  seed  beds,  because  of  the 
added  cost  of  flats,  mixing  of  the  soil,  and  more  intensive  care.  It 
has  also  been  found  with  conifers  that  the  stock  produced  has  a  very 
inferior  unbranched  root  system. 

The  sowing  of  conifers  directly  in  the  pots  has  also  been  tried. 
This  scheme  appears  to  have  little  to  commend  it.  It  is  expensive, 
the  seedlings  in  a  large  number  of  pots  are  likely  to  die,  necessitating 
their  resowing,  and  a  thrifty  class  of  stock  is  not  produced  in  most 
instances. 
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SEASON  FOB  SOWINO. 


The  season  for  sowing  is  largely  determined  by  the  q>ecies  raised, 
by  local  climatic  conditions,  and  by  experience  in  nursery  practice. 
If  the  seed  is  of  a  species  which  germinates  slowly,  such  as  western 
white  pine,  sugar  pine,  the  Pacific  coast  form  of  Douglas  fir,  or  in- 
cense cedar,  heavier  and  better  developed  stands  of  seedling  are 
usually  secured  by  sowing  in  the  fall  than  in  the  spring.  Some  seed, 
such  as  deodar  cedar  and  the  true  firs  rapidly  lose  their  vitality. 
For  these  fall  sowing  immediately  after  their  collection  is  also 
preferable.  In  most  cases  species  whose  seed  germinate  rapidly 
can  very  well  be  sown  in  the  spring,  so  as  not  to  be  exposed  over 
winter  to  damage  from  rodents  or  subject  to  the  danger  of  extremely 
early  germination  and  subsequent  killing  by  late  frosts.  However, 
spring  sowing,  even  of  such  species,  is  not  always  thought  desirable. 
Damping-off  is  less  severe,  for  instance,  in  fall-sown  than  in  spring- 
sown  beds  of  jack  pine  at  the  Bessey  Nursery. 

At  the  Pocatello  Nursery  it  is  thought  best  to  sow  in  the  late 
spring,  because  the  weather  is  so  cool  during  the  spring  that  no 
advantage  would  be  gained  by  fall  or  early  spring  sowing.  In 
Arizona  and  New  Mexico,  where  the  spring  of  the  year  is  very  dry, 
some  of  the  sowing  is  deferred  until  the  near  approach  of  the  rainy 
season,  which  occurs  in  July  and  August.  Seed  sown  in  these 
States  in  the  spring  requires  frequent  watering  after  germination; 
those  sown  in  the  summer  do  not  need  artificial  watering.  Damping- 
off,  however,  is  less  severe  there  in  spring-sown  than  in  summer- 
sown  beds. 

Fall-sown  seed  have  a  long  period  in  which  to  absorb  moisture, 
and  germinate  rapidly  upon  the  advent  of  warm  £(>ring  weather. 
Watering  of  the  seed  beds  to  induce  germination  is  usually  unneces- 
sary. Moreover,  the  stock  from  fall-sown  seed  is  more  likely  to  be 
fully  hardened  and  able  to  withstand  early  fall  frosts  than  that 
from  spring  sowing.  Stock  larger  by  from  one-half  inch  to  2  indies 
can  be  produced  in  one  year  by  fall  than  by  luring  sowing.  The 
increased  growth  may  mean  the  shortening  by  a  year  of  the  length 
of  time  necessary  for  growing  stock  to  a  size  suitable  for  field  plant- 
ing, thus  effecting  an  economy  of  space  in  the  nursery  and  reducing 
the  cost  of  the  plants  (Pis.  IV,  V,  XV). 

AMOUNT  OF  SEED  TO  SOW. 

The  optimum  number  of  seedlings  per  square  foot  in  seed  beds 
varies  according  to  the  species,  the  region  (because  of  the  longer 
growing  season  and  greater  development  of  the  stock  in  some  re- 
gions than  in  others),  the  manner  of  sowing  (broadcasting  or  in 
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FiQ.  2.— Concrete  Roller  Fitted  with  Wooden  Cleats  for  Making  Drills  in 

Seed  Beds. 
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1-1  DouQLAS  Fir  from  Spring-Sown  Seed,  Wind  River  Nursery,  Columbia 

National  Forest. 

Compare  with  that  from  fall-sown  seed.    Note  greater  development  of  latter  (Plate  V). 
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1-1  Douglas  Fir  from  Fall-Sown  Seed,  Wind  River  Nursery,  Columbia  National 

Forest. 

Compare  with  that  from  spring-sown  seed  (Plate  IV). 
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drills),  and  length  of  time  that  the  stock  is  to  be  left  in  the  seed  beds. 
The  optimum  density  must  be  determined  through  experience.  Too 
heavy  stands  make  the  stock  spindly,  and  necessitate  more  seed, 
more  work,  and  more  grading  than  stands  of  the  proper  density 
(PL  VI).  Very  light  stands  produce  seedlings  of  good  quality; 
but,  as  the  area  is  not  fully  utilized,  the  cost  of  the  stock  is  greater 
than  it  need  be.  In  Table  3  the  densities  striven  for  by  the  nurseries 
in  the  region  indicated,  as  well  as  the  season  of  sowing,  are  shown. 

The  density  of  stocking  can  be  regulated  by  the  amount  of  seed 
sown.  The  density  desired  and  the  germination,  percentage  of  the 
seed  being  known,  the  number  of  seed  to  sow  per  square  or  per 
linear  foot  may  be  determined  by  use  of  the  following  formula : 

Nnmber  of  needUDgB  desired  per  sgoare  foot  or  per  linear  foot  +   from  10  to  20  per  cent. 
Germination  percentage  of  seed. 

If  germination  is  less  complete  or  there  is  more  loss  in  the  seed 
beds  when  seed  is  sown  at  one  season  than  at  another,  this  will  have 
to  be  given  due  consideration.  The  additional  10  to  20  per  cent  is 
to  allow  for  poorer  germination  in  seed  beds  than  that  secured  in 
the  tests  and  for  losses  after  germination.  To  determine  the  weight 
of  seed  to  be  be  sown  per  seed  bed  the  foregoing  formula  would  have 
to  be  multiplied  by  the  number  of  square  or  of  linear  feet  per  bed  and 
.  divided  by  the  number  of  seed  per  pound  of  sample. 
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COVERING  THE  SEED. 

In  some  cases  the  seed  are  covered  by  the  drill  itself.  In  others 
the  covering  must  be  a  separate  operation.  It  is  ordinarily  accom- 
plished by  sifting  sand  or  soil  over  the  beds  through  a  screen  of 
about  one- fourth-inch  mesh.  One  man  can  easily  cover  from  forty  to 
fifty  4  by  12  foot  beds  per  day  of  8  houirs.  Skill  is  required  to  cover 
the  seed  to  a  uniform  depth  so  as  to  insure  equable  conditions  and 
relatively  even  germination.  There  is  a  tendency  to  distribute  the 
soil  too  deep  over  the  center  of  the  beds  and  too  shallow  along  the 
edges.  One  method  of  covering  requires  a  frame  and  planing  board 
similar  to  those  shown  in  figure  2.  If  broadcast  sowing  is  prac- 
ticed, the  frame  need  not  be  removed  from  the  time  the  bed  is  first 
leveled  until  covering  has  been  completed.  The  soil  used  in  covering 
is  sifted  over  the  seed  bed,  and  a  planing  board,  narrower  by  the 
depth  to  which  it  is  desired  to  cover  the  seed  than  the  one  used  in 
sowing,  is  then  drawn  along  the  frame.  By  this  means  the  seed  is 
covered  at  a  very  even  depth.  Some  other  methods  of  covering  are 
followed.  Soil  is  shaken  off  the  blade  of  a  shovel  over  the  seed  or 
scattered  by  hand.  In  drill  beds  sown  by  hand  the  seed  is  sometimes 
covered  with  the  back  of  a  rake  or,  as  in  one  of  the  most  successful 
Forest  Service  nurseries,  by  drawing  the  finger  through  the  soil 
between  the  rows,  thus  closing  the  open  drills. 

The  depth  of  covering  most  suitable  for  any  one  species  varies 
according  to  differences  in  soil  and  nursery  practice.  Even  under 
very  constant  conditions  some  latitude  may  be  exercised  without 
danger  of  seriously  affecting  the  germination  of  the  seed  or  their 
subsequent  pushing  through  the  covering.  If  heavy  clay  soil  is 
used  as  a  cover,  the  maximum  depth  permissible  can  not  be  so  great 
as  if  a  lighter  sandy  soil  is  used  because  the  seedlings  experience 
greater  difficulty  in  breaking  through.  By  reason  of  their  greater 
size  and  strength  seedlings  from  large  seed  can  more  readily  push 
through  a  heavy  covering  than  seedlings  from  small  seed.  There- 
fore, the  former  can  safely  be  covered  more  deeply  than  the  latter. 

Less  work  is  necessary  to  put  on  a  light  cover  than  a  heavy  one, 
and  the  seedlings  appear  sooner  and  more  evenly  in  the  beds.  It  is 
true  that  with  a  shallow  covering  there  is  greater  probability  of  the 
soil  becoming  dry  to  the  depth  of  the  seeds,  resulting  in  damage 
to  them;  but  this  possibility  can  not  be  avoided  by  any  depth  of 
covering  consistent  with  good  nursery  practice.  Danger  of  this 
nature  must  be  guarded  against  by  frequent  watering  or  by  pro- 
tecting the  seed  beds.  When  moisture  conditions  in  the  seed  beds 
can  be  controlled,  Forest  Service  experience  indicates  strongly  that 
shallow  coverings  are  preferable,  from  one-eighth  inch  with  smaller 
classes  of  seed,  such  as  spruce,  the  Thujas,  larch,  lodgepole  pine,  and 
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red  pine,  to  three-ei^th  inch  with  larg^  seed,  such  as  white  pine, 
Douglas  fir,  western  yellow  pine,  and  Jeffrey  pine.  Germination  is 
better  and  more  uniform,  and  at  the  Bessey  and  Savenac  nurseries 
damping-off  is  less  severe  in  shallow  than  in  deeply  covered  beds. 

A  loose,  friable  soil,  sudi  as  sand  or  a  mixture  of  sand  and  loam, 
makes  the  best  cover.  A  cover  of  sand  gives  quicker  and  more  imi- 
form  germination  than  any  other;  it  can  be  put  through  a  screen 
more  easily;  it  retards  evaporation  excellently,  more  effectually  pre- 
vents caking  of  the  surface  and  the  lifting  of  cakes  bodily  by  the 
germinating  seed;  it  decreases  the  danger  of  dux^ing-off,  and  it 
gradually  improves  the  texture  of  a  heavier  underlying  soil.  Fur- 
thermore, moss  is  less  likely  to  form  on  a  sandy  than  on  a  loamy 
surface. 

COVERING  OF  THE  SEED  BEDS. 

After  sowing  and  coveriug  the  seed  there  is,  at  some  nurseries,  an 
advantage  in  covering  the  seed  beds.  Protection  of  the  seed  against 
rodents,  particularly  mice  and  chipmunks,  and  of  the  seedlings 
(when  they  first  appear  above  the  surface  of  the  soil  with  the  seed 
coat  attached)  against  birds  is  very  often  necessary.  A  common  and 
effective  means  of  protection  is  a  screened  frame  cover  of  the  same 
size  as  the  seed  beds,  ordinarily  4  by  12  feet,  the  bottom  sill  simk 
into  the  soil  around  the  seed  bed,  and  the  top  high  enough  above  the 
bed  so  as  not  to  interfere  with  the  development  of  the  seedlings. 
The  top  is  removable  to  permit  ,weeding.  Such  a  frame,  called  a 
"Pettis  frame,"  is  described  in  Forest  Service  Bulletin  76,  and  the 
drawings  are  reproduced  here  (fig.  4). 

A  modified  type  of  this  frame  is  used  at  the  Wind  River  Nursery. 
The  comer  and  side  posts  project  an  inch  above  the  top  plate  in 
order  to  hold  the  cover  in  place  on  the  frame.  Further,  the  sides 
and  ends  are  constructed  separately  and  the  frames  afterwards  set 
up.  This  method  of  construction  results  in  two  posts  at  each  corner, 
one  of  which  fits  in  front  of  the  other.  The  frame  is  set  up  by 
bolting  the  two  comer  posts  together  or  simply  by  inserting  a  large 
20d.  nail  in  the  hole  bored  for  the  bolt.  The  principal  merit  of 
this  is  that  the  frames  can  be  quickly  taken  apart  and  when  stored 
require  much  less  space. 

Before  construction  the  framework  material  should  be  painted  to 
preserve  the  frames  and  improve  their  appearance.  Experiments  at 
the  Wind  River  Nursery  indicate  that  a  light  grade  of  creosote  ap- 
plied to  the  lower  sill  of  the  seed-bed  frame  will  not  harm  Douglas 
fir  seedlings  if  not  more  than  two  coats  are  given.  Carbolineum  of 
the  grade  used  proved  unsatisfactory.  Both  of  these  preservatives 
vary  so  much  in  grades  that  in  general  it  is  unsafe  to  use  them 
unless  they  have  been  proved  satisfactory  by  experiment. 
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Wire  mesh  for  covering  the  frames  can  be  purchased  in  rolls  150 
feet  in  length  and  in  widths  of  4  feet  for  the  top  screen  and  1  foot 
for  the  sides  and  ends  of  the  frames.  The  1-foot  strip  is  cut  in 
6-inch  widths.  Experience  at  Forest  Service  nurseries  has  demon- 
strated that  screen  as  fine  as  three  meshes  to  the  inch  is  necessary  to 
keep  mice  out  of  the  seed  beds. 

The  cost  of  these  frames  complete,  including  a  shade  frame  of 
latli,  is  from  $3  to  $7  each,  depending  upon  the  lumber  used  and  the 
skill  and  wages  of  the  men  who  construct  them-  Money  can  be  saved 
by  purchasing  material  which  is  surfaced  on  four  sides,  since  it  can 
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Fio.  4. — Pettis  seed-bed  frame. 

be  painted  much  more  rapidly  and  requires  less  paint.  Such  frames 
ordinarily  last  only  from  3  to  5  years  or  will  need  repairing  by  the 
end  of  that  time.  The  bottom  sill  in  particular  is  very  liable  to  rot. 
At  the  old  Garden  City  Nursery  protective  frames  were  used  whose 
sides  and  ends  were  of  1  by  8  inch  boards,  the  top  only  being  cov- 
ered with  wire  screen.  These  were  more  satisfactory  at  this  nursery 
because  they  afforded  a  better  protection  against  wind,  and  were  con- 
siderably cheaper  than  the  wire  frames. 
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Covering  of  the  seed  beds  during  the  germination  period  is  resorted 
to  for  other  reasons  than  protection  against  rodents  or  birds.  Chief 
among  these  is  keeping  the  beds  as  uniformly  moist  as  possible, 
which  undoubtedly  promotes  the  highest  germination  of  the  seed. 
Covering  also  eliminates  the  need  of  such  frequent  waterings  as  are 
necessary  in  uncovered  beds.  For  the  purpose  of  keeping  the  beds 
uniformly  moist,  the  sides  and  ends  of  the  wire  frame  just  discussed 
are  covered  with  building,  tar,  or  wrapping  paper,  or  burlap,  and  a 
lath  shade  frame  is  set  on  top  of  it.  Burlap  is  better  than  paper 
because  it  is  easier  to  handle,  does  not  tear,  and  can  be  used  for  two 
successive  years.  The  lath  frame  is  constructed  as  shown  in  figure 
5.  A  complete  shade  or  covering  is  obtained  by  laying  a  loose  lath 
in  each  intersp-ace  between  those  which  are  nailed  to  the  frame. 
Full  or  partial  shade,  without  the  side  covering  of  burlap,  is  often 
given  the  beds  by  means  of  this  lath  frame,  some  other  form  of  a 
low -shade  frame,  or  high-shade  frames  with  a  slatting  cover. 
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Pio.  5. — Pettte  seed-bed  frame. 


Recent  experience  has  developed  the  fact  that  such  shade  coverings 
are  neither  necessary  nor  desirable  in  all  nurseries  where  they  have 
been  used.  This  is  especially  true  in  the  cooler  and  moister  regions 
and  with  seed  which  germinates  slowly.  Heat  as  well  as  moisture  is 
essential  for  germination  of  seed;  and  in  moist  seed  beds  tightly 
screened  from  the  sun's  rays,  the  temperature  of  the  soil  may  be  kept 
go  low  as  to  delay  germination  considerably.  This  happened  with 
Douglas  fir  at  the  Wind  River  Nursery.  Seed  in  seed  beds  without 
side  or  overhead  cover,  or  with  a  cover  of  one  thickness  of  burlap 
only,  germinated  twice  as  fast  in  the  first  month  as  those  under  the 
regular  Pettis  frames.     At  the  Cottonwood,  Pilgrim  Creek,  and 
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Monument  Nurseries  no  shade  is  given  until  after  germination  is  in 
l>rogress.  ^ 

Other  covers  are  often  given  seed  beds  to  conserve  moisture.  Bur- 
lap is  quite  commonly  stretched  flat  across  the  beds,  and  straw,  moss, 
or  leaf  mold  to  a  depth  of  about  an  inch  is  sometimes  ^rinkled  over 
them.  Any  of  these  latter  coverings  must  be  removed  soon  after 
germination  commences.  For  several  reasons  burlap  is  the  best 
cover ;  it  can  be  put  on  and  removed  easily ;  it  does  not  bring  weed 
seed  to  the  bed;  it  effectually  prevents  the  wind  from  diifting  the 
surface  soil  of  the  beds;  it  does  not  mat  down  and  heat;  it  allows  the 
sun's  rays  to  filter  through  to  warm  the  soil  better  than  the  other 
covers;  and  to  some  extent  it  protects  the  beds  from  birds.  Straw, 
moss,  or  leaf -mold  coverings  can  not  be  put  oa  so  rapidly  nor  dis- 
tributed evenly ;  they  keep  the  ground  cold,  thus  delaying  germina- 
tion; they  often  bring  weed  seed  to  the  beds;  they  are  likely  to  be 
blown  off  by  wind ;  and  after  germination  comm^ices  their  removal 
can  be  accomplished  only  slowly,  not  cleanly,  and  scarcely  without 
damage  to  numerous  seedlings,  which  when  first  api>earing  in  the 
beds  are  quite  brittle  and  easily  broken  off.  Moreover,  where  this 
type  of  cover  has  been  used,  damping-off  has,  at  some  nurseries,  been 
more  serious. 

In  the  very  dry  and  hot  Southwestern  States  the  efficiency  of  a  bur- 
lap cover  for  retarding  evaporation  is  increased  by  covering  it  with 
about  one-half  inch  of  fine,  dry  soil.  This  procedure  would  be  satis- 
factory only  with  seed  which  germinate  rapidly  and  will  not,  accord- 
ingly, require  additional  watering  after  the  cover  is  put  on. 

In  localities  where  the  temperature  during  the  germinating  period 
is  very  high,  where  it  is  very  windy,  or  where  the  seed  germinates 
very  rapidly,  the  Pettis  frame  with  burlap  around  the  sides  and 
full  shade  on  top  is  a  desirable  cover;  in  cooler  localities,  especially 
with  slowly  germinating  seed,  no  cover  at  all  or  simply  one  of  bur- 
lap is  preferable,  provided  in  each  case  the  sowing  operations  are 
conducted  in  the  spring.  In  seed  beds  sown  late  enough  in  the  fall 
so  that  there  is  no  possibility  of  fall  germination,  no  cover  at  all 
for  the  purpose  of  preventing  evaporation  is  necessary.  Protec- 
tion against  rodents,  birds,  and  the 'removal  of  the  soil  by  wind 
is  still  necessary,  and  for  this  the  same  methods  should  be  followed 
as  in  spring  sowing. 

WATERING  OF  SEED  BEDS. 

Immediately  after  sowing  and  covering  the  seed,  the  beds  should 
be  given  a  thorough  watering.  This  will  usually  expose  seed  which 
have  not  been  covered  deeply  enougli,  settle  the  soil  a  little  more 
thoroughly,  establish  capillarity,  and  furnish  the  moisture  neces- 
sary to  initiate  germination.     Between  sowing  and  actual  sprout- 
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ingj  the  seed  is  in  its  most  delicate  condition  and  most  subject  to  loss 
of  vitality  from  drying  out.  When  germination  activities  are  once 
started  they  should  not  be  checked  by  lack  of  water.  Moreover,  in- 
sufficient water  may  cause  seed  to  lie  over  until  the  following  year 
before  germinating.  An  uneven-aged  stand  of  seedlings  will  result. 
This  condition  is  a  nuisance  in  nursery  practice  because  it  necessi- 
tates close  grading  of  the  stock  when  it  is  dug.  The  moisture  con- 
dition most  conducive  to  germination  is  that  where  the  soil  is 
simply  fresh  or  only  slightly  moist  but  not  wet.  An  extremely 
moist  or  wet  soil  is  not  conducive  to  rapid  germination,  and  may 
cause  the  seed  to  rot.  It  is  not  possible  to  preserve  absolutely  uni- 
fona  moisture  conditions  in  the  seed  beds  continuously,  but  the  nearer 
such  conditions  can  be  approached  the  better  will  be  the  germination. 

Beds  should  be  watered  only  often  enough  to  prevent  their  drying 
oat  The  periods  of  watering  will  vary  so  extremely  with  the  char- 
acter of  the  season,  the  soil,  and  the  nature  of  the  covering  given 
the  beds  that  no  definite  rules  can  be  framed.  Inspection  of  the  beds 
is  the  only  safe  guide.  It  is  better  to  water  often  and  moderately 
than  a  few  times  and  heavily.  This  may  mean  f rcmi  once  a  week  or 
even  10  days  under  rather  favorable  conditions  or  where  mulching 
is  practiced  to  twice  a  day  during  very  hot,  dry  weather.  When 
necessary  to  w:ater  daily,  it  is  better  to  water  in  the  evening  than  in 
the  morning.  When  watered  in  the  evening  a  bed  remains  moist 
until  the  next  morning  at  least,  and  perhaps  until  noon.  Thus  it  is 
sufficiently  moist  for.  18  or  20  hours.  When  watered  in  the  morning 
on  a  clear,  warm  day,  a  bed  is  likely  to  become  dry  by  sundown,  be- 
cause the  greatest  evaporation  occurs  during  the  middle  of  the  day. 
Watering  later  than  3  p.  m.,  however,  is  considered  poor  practice 
at  the  Pilgrim  Creek  Nursery,  because  the  seed  beds  then  remain  cold 
over  night.  The  time  of  watering  must  thus  be  related  to  the  daily 
range  in  temperature  whercf  wide  extremes  occur. 

When  fall  sowing  is  practiced  or  when  a  rainy  season  follows  sow- 
ing, the  necessity  of  watering  during  the  germination  period  will 
ordinarily  be  obviated.  In  Arizona  and  New  Mexico  beds  thoroughly 
soaked  before  early  spring  sowing  of  seed  which  sprout  quickly,  and 
then  covered  with  burlap  and  about  one-half  inch  of  soil,  do  not 
need  watering  during  the  spring. 

A  number  of  methods  may  be  employed :  By  hand  with  the  hose, 
by  means  of  garden  sprinklers,  or  by  irrigation.  The  first  is  slower 
than  the  others,  but  is  unquestionably  the  best  from  the  standpoint 
of  efficiency  under  all  conditions.  The  water  can  be  distributed 
evenly  in  the  form  of  a  fine  spray  to  all  parts  of  the  beds.  Lawn 
sprinklers  are  more  rapid  because  as  many  of  them  as  the  water 
pressure  will  permit  can  be  kept  going  at  one  time.  They  do  not 
631S6*— Bua  479—17 8 


Digitized  by 


Google 


34  BULLETIN  479,  U.  S.  DEPARTMENT  OF  AGRICULTURE. 

distribute  the  water  so  evenly,  however,  and  unless  closely  attended 
and  frequently  shifted,  they  fail  to  distribute  sufficient  water  to  some 
portions  of  tiie  beds,  especially  the  corners.  This  is  particularly 
true  in  seed  beds  with  low  frames,  because  these  intercept  the  spray. 
Nevertheless,  when  well  conducted,  this  method  is  quite  efficient. 

The  common  lawn  sprinkler  with  three  or  four  whirling  arms 
raised  on  an  8  to  16  inch  standard  has  proved  quite  satisfactory. 
At  the  Wind  River  Nursery  a  wire  edge  formed  on  the  wearing  sur- 
face after  a  while  and  retarded  the  motion.  Minute  debris  in  the 
water  clogs  and  stops  the  sprinklers,  and  they  sometimes  leak  and 
wash  the  soil  badly  where  they  are  placed.  Their  cost  is  from  $1 
to  $1.25  each.  Another  style  of  sprinkler  which  has  proved  satis- 
factory is  made  in  a  single  casting  and  resembles  an  inverted  bowl 
or  a  cone  with  one  or  two  i  or  f  inch  holes  at  the  apex.  The  sprink- 
lers throw  out  an  inverted  cone-shaped  spray  to  a  radius  of  10  feet 
or  more.  They  never  clog  and  their  cost  is  from  15  to  25  cents  eadi. 
For  convenience  in  dragging  it  around,  each  sprinkler  can  be  mounted 
on  a  piece  of  plank  about  10  inches  square,  with  two  sharp-edge 
runners  on  the  lower  side  to  prevent  its  working  sideways  when 
drawn  over  uneven  ground  in  the  paths  between  the  beds. 

The  possibilities  of  irrigating  in  seed  beds  before  germination 
have  not  been  determined  for  all  conditions.  At  the  Pocatello  Nurs- 
ery subirrigation  from  ditches  3  feet  apart  was  tried.  It  was  found 
to  be  satisfactory  with  western  yellow  pine  but  not  with  Douglas  fir. 
The  beds  could  not  be  kept  moist  enough  to  induce  good  germina- 
tion of  the  latter  species.  At  present  sprinkling  is  followed  at  all 
Forest  Service  nurseries  when  watering  is  necessary  during  the  pre- 
germination  period,  and  it  is  thought  that  this  is  preferable  to  irri- 
gation, whose  general  practicability  is  very  doubtful. 

At  a  number  of  nurseries  cotton  or  canvas  hose  is  conadered 
superior  to  rubber.  Second-grade  cotton  hose  lasts  two  or  three 
years,  or  about  the  same  as  rubber  hose;  it  is  much  lighter  and 
easier  to  handle  than  the  latter;  it  does  not  damage  the  stock  so 
badly  if  dragged  across  the  beds  and  is  cheaper.  The  f-inch  size 
outlasts  the  1-inch,  because  it  is  more  pliable  and  kinks  less  easily. 
At  the  Pocatello  Nursery  a  crack-proof  rubber  hose  is  used  and  gives 
very  good  satisfaction. 

LENGTH  OF  TIME  REQUIRED  FOR  FULL  GERBONATION. 

The  length  of  time  required  for  full  germination  can  scarcely  be 
given  accurately,  because  it  varies  markedly  with  different  soils, 
different  methods  of  nursery  practice,  ^differences  in  the  quality  or 
source  of  the  seed,  and  variations  in  the  climatic  factors.    The  ap-  ' 
proximate  length  of  time  after  spring  sowing  necessary  for  practi- 
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(My  ccmiplete  germinatdon  is  indicated  in  the  following  table  for 
several  of  the  Forest  Service  nurseries : 


Nursery  and  species. 

Oenm- 

nation 
complete. 

Nursery  and  species. 

Qerml- 

nation 

complete. 

Saveoac: 

Pinos  ponderc^a 

40 
24 

30  to  35 
30  to  35 
30  to  35 
40  to  50 

10  to  18 

10  to  15 

10  to  15 

10 

9to20 
0to20 
14  to  25 
12  to  20 
20 

Fort  Bayard: 
!         Pinus  ponderosa  (summer  sowing) . . 
Pinus  Jeflreyi 

Dap9. 
16 

Larix  oocidentalis 

15 

TriDD^Creek:  Pinus  ponderosa 

Cottonwood: 

Pinus  pondOTosa 

30  to  35 

Pinus  contorta 

30  to  35 

Pinus  austiiaca 

Paeudotsuga  taxifolia * 

30  to  35 

Ptous  sylvestris 'C. . 

Pi<^ft  engpTmannl 

20 

Pooatello:    *' 

Pinus  ponderosa 

Ifoomsfiit*     "^ 

20  to  30 

PfDos  ponderosa 

Pseudotsuga  taxiColia 

45to<10 

Pinus  atKtriaca 

Pilgrim  Creekr 

Pinus  ponderosa 

Pspudot.wgft  taxifoll^ 

34 

Pinus  ^flrevi 

80 

Plnas  ponderosa 

Abies  concolor 

M 

Libooednis  decurrons 

64 

Pinus  aivaricata 

Pseudotsuga  taxilblia 

58 

Pfnus  Tcsinow 

Wind  River:  Pseudotsuga  taxilolia 

35  to  50 

Pinus  sylvestris 

MImiflsota:  Pinus  resino^a 

METHODS  USED  TO  HASTEN  GERMINATION. 

The  seeds  of  a  number  of  conifers  germinate  so  slowly  in  the  aggre- 
gate that  some  method  is  occasionally  used  to  hasten  this  function. 
Western  white  pine  seed  is  particularly  slow,  but  as  yet  no  successful 
method  of  hastening  germination  has  been  devised.  The  seed  will 
not  finish  germinating  in  the  seed  beds  for  2  or  3  years,  which 
complicates  the  nursery  operations  considerably.  A  common  method 
tried  for  various  species  is  to  soak  the  seed  in  water  for  a  number  of 
days  until  they  swell  and  begin  to  sprout.  Other  methods  are  to 
mix  the  seed  with  well-rotted  compost  and  soil  until  sprouting 
begins,  to  stratify  them  in  slightly  moist  sand  in  a  cool  place  over 
winter,  or  to  scald  bony  coated  seed  in  nearly  boiling  water  and  allow 
them  to  stand  in  the  water  for  a  couple  of  days. 

The  efficiency  of  the  first  two  methods  is  doubtful.  As  soon  as 
the  seed  begins  to  sprout  it  is  necessary  to  sow  the  whole  lot,  and 
there  is  no  certainty  that  the  seed  have  sprouted  because  of  the  treat- 
ment or  that  the  unsprouted  ones  have  benefited.  Even  with  slow- 
germinating  seed  like  the  western  white  pine,  a  small  proportion  of 
any  lot  when  simply  sown  in  the  beds  without  previous  treatment 
will  germinate  in  a  short  time,  and  it  is  almost  unquestionably  these 
same  seed  which  are  the  first  to  sprout  under  special  treatment. 

Stratifying  in  sand  over  winter  in  a  cool  place  will  undoubtedly 
hasten  the  germination  of  nearly  all  coniferous  seed.  The  period  is 
long  enough  so  that  that  the  seed  have  ample  time  to  absorb  the 
moisture  necessary  for  their  germination,  and  the  temperature  is  low 
enough  to  prevent  germination  until  the  following  spring.  This 
method  has  been  followed  successfully  even  with  Juniperus  paohy- 
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phlcea  seed,  which,  like  other  junipers,  ordinarily  lies  over  for  a  year 
if  sown  in  the  spring  without  being  previously  treated. 

At  the  Fort  Bayard  Nursey  fair  germination  is  secured  with  the 
seed  of  Jtmipencs  monosperma  by  removing  the  hull  and  then  im- 
mersing the  seed  in  boiling  water  for  5  seconds.  At  the  old  Garden 
City  Nursery  good  germination  was  secured  with  Juniperus  virgin- 
iana  by  removing  the  hulls,  soaking  the  seed  in  warm  water  for  from 
2  to  4  hours,  and  sowing  in  the  fall. 

CARE  OF  SEEDLINGS  THE  FIRST  TEAR. 

The  care  of  the  stock  from  the  time  of  germination  until  the 
plants  are  ready  for  field  planting  has  much  to  do  with  the  lAor- 
tality,  the  development  of  tops  and  roots,  and  the  final  success  of 
the  field  planting.  Operations  should  be  directed  toward  develop- 
ing the  type  of  plant  most  suitable  for  field  planting  and  toward 
growing  the  greatest  possible  number  of  these  in  the  allotted  space. 
Wide  experience  in  the  United  States  and  Europe  has  fully  demon- 
strated that  plants  with  stocky  tops,  thick  stems  and  compact-growilag 
shoots,  and  compact  root  systems  composed  of  many  lateral  but 
not  extremely  long,  fibrous  roots,  are  more  likely  to  succeed  in  field 
planting,  particularly  under  inhospitable  conditions,  than  plants 
with  greatly  developed  tops  and  long  root  systems  with  few  laterals. 
Shading  and  watering  are  two  of  the  most  important  means  of  pro- 
ducing such  plants  and  of  keeping  down  the  percentage  of  loss  in 
the  nursery. 

SHADING. 

The  effect  of  shading  is  to  lower  the  temperature  and  increase  the 
relative  humidity  of  the  air  below  the  shade  frames,  diminish  evap- 
oration from  the  soil  and  plants,  increase  the  height  growth  of  the 
seedlings,  and  lessen  the  amount  of  watering  necessary.  It  also 
prolongs  the  growing  period  of  the  plants  into  the  autumn  longer 
than  is  always  desirable,  subjecting  them  to  danger  from  early 
frosts  and  ^metimes  causing  the  seedlings  to  reach  a  size  greater 
than  that  considered  best  for  transplanting. 

The  necessity  of  shading  is  greatest  during  the  first  season  of 
the  plants'  growth.  They  are  then  small  and  tender  and  may  be 
damaged  by  continuous  intense  sunlight.  Their  density  results  in 
considerable  competition  for  moisture,  and  the  roots  are  not  well 
enough  developed  at  the  beginning  of  the  season  to  secure  moisture 
at  a  considerable  depth. 

The  necessity  and  amount  of  shading  varies  with  the  species,  soil, 
and  region.  Some  species,  such  as  Norway  and  Engelmann  spruce, 
appear  to  need  considerable  shade  at  all  nurseries;  others,  such  as 
Douglas  fir,  will  thrive  without  shade  in  some  regions  but  demand 
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Fia  1.— One  Type  of  Low  Seed  Bed  Protective  Frame  in  Place,  with  and 

WITHOUT  Covers. 


Fia2.— Type  of  Low  Shade  Frame  in  Use  at  the  Bessey  Nursery. 
Some  of  seed  beds  covered  with  burlap. 
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FiQ.  1.— High  Shade  Frames. 


Fig.  2.— One  Method  of  Tightening  up  Slatting  Cover  on  Top  of  High  Shade 

Frames. 
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it  in  others.  Without  shade,  seedlings  may  thrive  on  the  richer, 
more  retentive  soil  of  a  nursery  but  make  poor  growth  on  less 
fertile  soil.  Because  the  period  of  their  initial  growth  falls  in  the 
early  spring,  when  the  weather  is  not  extremely  hot,  seedlings  from 
fall-sown  seed  are  not  so  likely  to  need  shade  as  those  from  spring- 
sown  seed. 

At  the  Sa venae  Nursery,  in  western  Montana,  western  yellow  pine 
is  grown  without  shade,  but  the  eastern  and  western  white  pines, 
Elngelmami  spruce,  western  red  cedar,  and  western  larch  need  par- 
tial shade  during  hot  weather. 

At  the  Boulder  Nursery,  in  southwestern  Montana,  western  yellow 
pine  is  grown  without  shade,  but  Douglas  fir  and  Engelmann  spruce 
require  it  during  the  first  year. 

At  the  Bessey  Nursery,  in  the  Nebraska  sandhill  region,  all  conif- 
erous species  are  shaded  during  the  first  year. 

At  the  Monument  Nursery,  in  central  Colorado,  one  and  two  year 
old  Engehnann  spruce  and  Douglas  fir  are  given  shade. 

At  the  Fort  Bayard  Nursery,  in  southern  New  Mexico,  shade 
is  unnecessary  with  western  yellow  and  Jeffrey  pines,  and  Juniperus 
monospermd.  Shade  is  given  Juniperus  scopulorum  and  Cupreasus 
arizoiiica^  but  it  is  not  known  to  be  needed. 

At  the  Cottonwood  Nursery,  in  north-central  Utah,  western  yel- 
low, Scotch,  and  Austrian  pines  need  no  shade ;  Douglas  fir  can  some- 
times be  grown  without  it,  but  usually  Douglas  fir,  the  larches,  and 
Engelmann  spruce  require  it  for  their  best  development 

At  the  Pocat^lo  Nursery,  in  southeastern  Idaho,  western  yellow 
pine  does  not  need  shade,  but  Douglas  fir  does. 

At  the  Wind  River  Nursery,  in  southern  Washington,  all  one-year 
seedlings  from  spring-sown  seed  are  shaded,  but  Douglas  fir  and 
western  yellow  pine  from  fall-sown  seed  thrive  satisfactorily  with- 
out it. 

At  the  Pilgrim  Creek  Nursery,  in  northern  California,  western 
yellow  pine  is  grown  without  shade.  All  other  species,  including 
Jeffrey  and  sugar  pines,  incense  cedar,  and  white  fir  are  shaded,  but 
it  is  not  known  that  all  need  it. 

At  the  Converse  Flats  Nursery,  in  southern  California,  all  species 
grown,  including  western  yellow  and  Jeffrey  pines  and  incense  and 
deodar  cedars,  are  shaded  during  their  first  year.  * 

Shade  frcmiea. — ^There  are  two  general  types  of  shade  frames  used 
in  nursery  operations,  the  high  and  the  low.  The  most  common  form 
of  the  latter  is  the  lath  frame  previously  described.  When  in  place 
this  frame  rests  about  a  foot  above  the  level  of  the  beds  and  can  easily 
be  handled  by  one  man. 

A  form  of  low  frame  used  at  the  Bessey  Nursery  is  about  22  inches 
high   (PI.  VII).     Stakes  made  of  2  by  4's  are  driven  in  the  paths 
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at  8-foot  intervals  on  both  sides  of  the  beds  and  2  by  4's  are  laid  on 
and  nailed  to  these  uprights.  This  makes  a  line  of  stringers  along 
each  side  of  the  bed  extending  its  entire  length.  Strips  of  slat  or 
lath  fencing  are  rolled  out  over  these  stringers  to  furnish  shade.  The 
slatting  can  be  handled  by  one  man  and  can  be  quickly  rolled  up  if 
cloudy  weather  makes  this  desirable;  the  stakes  and  stringers  can 
easily  be  moved  when  it  is  necessary  to  plow  or  grade ;  and  the  slat- 
ting is  high  enough  above  the  ground  so  that  weeding  can  be  con- 
ducted without  removing  it.  One  man  can  construct  about  400  linear 
feet  of  this  type  of  frame  per  day. 

The  posts  and  framework  of  the  high  frames  occupy  the  ground 
constantly  (PI.  VIII).  Durable  first-class  posts  about  10  feet  long 
are  set  in  the  ground  in  check  rows  from  10  to  12  feet  apart,  so 
that  their  tops  are  about  7  feet  above  the  ground.  Two  sets  of  girders 
of  rather  heavy  material  (2  by  6's  are  preferable  to  2  by  4'Sj  as 
the  latter  are  likely  to  buckle)  at  right  angles  to  each  other  connect 
the  tops  of  the  posts.  Over  this  framework  rolls  of  slatting  can  be 
drawn.  The  framework  must  be  substantially  constructed  because 
it  is  subject  to  considerable  strain  when  the  slatting  is  drawn  across 
it  and  because  the  necessity  often  arises  of  a  man  working  on  top 
of  it.  The  rolls  of  slatting  are  usually  long  enough  to  stretch  entirely 
across  the  frame  and  down  to  the  ground  on  each  side  so  as  to  afford 
side  shade  and  also  to  act  as  a  windbreak.  They  remain  in  place 
from  spring  until  autumn,  thus  subjecting  the  plants  to  half  shade 
during  the  whole  of  the  season.  At  the  Pilgrim  Creek  Nursery 
4  by  6  feet  frameworks  of  slatting  are  used  instead  of  the  roll 
slatting.    These  are  easier  to  handle,  but  are  more  easily  broken. 

The  high  frames  have  some  advantages  over  the  low  ones.  They 
do  not  interfere  with  weeding,  cultivation,  or  watering,  so  that  an 
inspection  of  these  operations  can  more  easily  be  made.  The  working 
conditions  beneath  them  are  more  pleasant  during  extremely  hot 
weather  than  in  the  open.  The  light  is  more  diffused  than  under 
low  frames,  which  is  desirable  in  especially  hot  regions  or  when  the 
species  grown  are  susceptible  to  injury  from  the  sun's  rays.  Under 
them  the  paths  are  kept  moist  as  well  as  the  beds;  there  is  less 
danger  of  the  stock  being  harmed  by  unseasonable  frosts;  the  sml 
seems  less  liable  to  bake  and  crust  than  under  low  frames;  and 
since  the  slatting  remains  on  during  the  entire  growing  season,  less 
watering  is  needed  than  with  low  frames,  which  are  often  removed. 
Their  cost  of  construction  of  2^  to  ^  cents  per  square  foot  is  much 
less  than  that  of  the  low  wire  protection  and  shade  frames,  and  their 
life  is  considerably  longer. 

Objections  to  the  high  frames  are  numerous.  They  do  not  give 
adequate  protection  against  birds  and  rodents.    Two  or  more  men 


Digitized  by 


Google 


IfUfeSERY  PRACTICE   ON  THE   l^AtlOKAL  FOltESTS.  5d 

are  required  to  put  the  slatting  on  or  take  it  off,  and  it  takes  from  7 
to  10  days  per  acre  (two  men  from  3^  to  5  days)  to  complete  the 
Iteration.  The  slatting  is  inconvenient  to  remove  so  that  small  areas 
under  it  can  not  be  shaded  or  imcovered  according  to  the  Require- 
ments of  the  different  species.  The  posts  do  not  readily  permit  of 
plowing  and  harrowing  in  preparing  the  ground,  so  that  these  oper- 
ations are  more  expensive;  and  they  also  interfere  in  the  laying  out, 
sowing,  and  covering  of  the  beds.  Bain  collecting  on  and  dripping 
from  low  points  on  these  frames  washes  out  either  seed  or  seedlings. 
The  frames  do  not  hold  a  mulch  in  place  well.  At  Forest  Service 
nurseries  high  frames  are  being  used  less  and  less. 

In  case  of  emergencies,  brush  frames  can  be  used.  The  principle 
of  these  is  to  use  brush  to  furnish  the  shade.  In  high  frames  addi- 
tional light  stringers  may  be  necessary  to  support  the  brush  because 
of  its  irregular  size.  For  this  purpose  wire  serves  very  well.  Brush 
frames  have  some  advantages;  there  is  no  material  quite  equal  to 
brush  as  a  light  filter ;  it  is  cheapest  when  the  nursery  is  located  in 
a  remote  region  with  poor  communication  by  wagon  road  to  a  source 
of  lumber  supply ;  it  is  more  easily  removed  after  a  heavy  snow  than 
sections  of  lath  roofing;  and  it  can  quickly  be  put  up  if  a  special 
need  for  shade  should  suddenly  develop  at  a  nursery.  On  the  other 
hand,  it  has  disadvantages;  the  leaves  and  small  twigs  are  continu- 
ally falling  on  the  plants  and  must  be  removed  to  prevent  smother- 
ing; Uie  brush  is  very  inflammable,  and  it  is  not  easy  to  spread,  es- 
pecially on  high  frames.  Brush  when  used  should  be  of  as  heavy 
foliaged  species  as  are  available. 

SSMOVAL  OF  SHADE  FBA1CE8. 

The  most  critical  time  in  growing  plants  is  the  6  weeks  fallow- 
ing germination,  for  during  this  period  they  are  most  subject  to 
damping-off.  Shading  and  watering  have  an  important  bearing  upon 
the  control  of  this  disease.  If  germination  occurs  during  cool 
weather  or  during  hot  weather  when  the  surface  soil  is  extremely 
wet,  the  shade  frames  should  be  removed.  As  soon  as  the  soil  sur- 
face becomes  dry  in  hot  weather,  full  sunlight  is  dangerous.  It  may 
pve  rise  to  "  white-spot "  injury,  regularly  confused  with  damping- 
off,  but  caused  by  overheating  the  surface  soil.  The  object  of  the 
removal  of  shade  frames  is  to  dry  the  surface  soil  and  lower  the  air 
humidity  over  the  beds.  This  condition  is  least  favorable  to  the 
development  and  spread  of  the  damping-off  fungi. 

WTien  practicable,  the  shades  should  be  removed  during  periods 
of  rainy  weather.  The  water  reaches  the  soil  better  and  tiie  plants 
become  somewhat  accustomed  to  a  greater  degree  of  light.  It  is 
generally  held  that  during  late  summer  and  early  fall  the  shades 
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should  be  removed  gradually ;  that  is,  for  an  increasing  period  eadi 
day,  beginning  with  exposure  for  a  time  during  the  cooler  portion 
of  the  morning  and  afternoon  and  increasing  tiiis  until,  after  10 
days  or  2  weeks,  the  shade  frames  are  left  off  entirely.  In  Forest 
Service  practice  this  has  not  been  found  wholly  necessary.  The 
shades  are  often  left  on  until  the  plants  become  fully  hardened.  It 
is  certain,  however,  that  the  gradual  removal  of  the  shade  does 
hasten  this  ripening  process  and  puts  the  plants  in  better  condition 
to  withstand  frosts.  Until  the  terminal  buds  are  fully  formed,  the 
shade  frames  should  be  replaced  whenever  the  nights  threaten  to  be 
frosty. 

WATKBINQ. 

In  conjunction  with  removing  the  shade  frames  to  prevent 
damping-off,  the  watering  must  also  be  regulated  to  induce  dryness 
of  the  beds.  During  this  danger  period  no  more  artificial  watering 
should  be  practiced  than  is  absolutely  necessary  to  keep  the  plants 
in  good  condition.  When  it  is  necessary  to  water  daily,  the  applica- 
tion should  be  as  light  as  conditions  will  allow  and  should  be  car- 
ried out  during  the  morning  hours.  When  watered  in  the  morning, 
the  beds  dry  out  considerably  during  the  day*  and  do  not  pass  the 
night  in  a  moist  condition  very  suitable  to  the  development  of  this 
disease. 

When  there  is  no  further  serious  danger  from  this  source,  the 
practice  followed  in  watering  should  change.  Soil  moisture  has 
more  influence  upon  root  development  and  perhaps  upon  the  mor- 
tality per  cent  of  seedlings  after  the  damping-off  period  has  passed 
than  any  other  one  factor.  In  seed  beds  the  plants  are  crowded,  and, 
unless  the  moisture  in  the  soil  is  ample,  some  of  the  seedlings  are 
killed  out  in  the  competition  for  water.  If  there  is  not  enough  water 
near  the  surface,  the  roots  of  those  which  live  go  deep  in  their  search 
for  it,  and  the  little-branched,  undesirable  type  of  root  systems  is 
developed. 

As  water  is  one  of  the  easiest  factors  to  control,  any  advantage  to 
be  gained  from  its  judicious  use  should  be  followed  up.  The  aim 
in  watering  should  be  to  attain  a  much-branched  root  system,  with 
an  abundance  of  fine  feeding  laterals  within  the  first  10  inches  of 
depth.  To  secure  such  roots  the  soil  should  be  kept  fresh  near  the 
surface.  The  kind  of  soil  has  an  important  bearing  on  the  amount 
of  water  necessary.  In  light,  sandy,  well-drained  soils  an  abundance 
of  water  may  be  used  and  will  increase  the  root  development,  but 
in  heavy  clay  soil  excessive  moisture  seems  to  decrease  the  number  of 
fine  feeding  roots.  At  the  Boulder  Nursery,  by  abundant  watering 
and  by  maintaining  the  stands  at  about  100  per  square  foot  in  sandy 
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soil,  2-0  *  western  yellow  pine  has  been  produced  which,  it  is  claimed^ 
is  superior  to  the  1-1  stock. 

Watering  may  be  necessary  daily,  two  or  three  times  a  week,  once 
in  two  weeks,  or  even  less  frequently,  depending  on  the  weather 
and  the  nature  of  the  soil.  A  brownish,  dying  condition  of  the 
seedlings  at  the  Bessey  Nursery,  called  blight  for  some  time  and 
supposedly  due  to  disease,  was  later  found  to  be  due  simply  to  in- 
sufficient water.  On  the  other  hand,  excessive  moisture  may  produce 
a  yellowish,  sickly  appearance  of  the  seedlings,  and  plants  in  this 
condition  do  not  recover  so  readily  as  when  somewhat  damaged  from 
insufficient  moisture. 

The  same  methods  of  watering  are  followed  after  germination  as 
in  the  pregermination  period.  Irrigation  by  flooding  is  very  suc- 
cessfully practiced  in  the  sandy  soil  at  the  Bessey  Nursery.  The 
practice  of  watering  by  hand  with  a  hose  can  be  discarded.  While 
efficient,  it  is  slow  and  expensive.  The  u^  of  lawn  sprinklers  is  the 
most  common  method.  Half  a  dozen  of  these  judiciously  distributed 
will  water  an  acre  of  seed  beds  per  day,  and  will  require  but  a  small 
portion  of  one  man's  time  for  their  attendance. 

If  applied  in  the  late  afternoon  or  evening,  the  water  has  an  op- 
portunity to  soak  into  the  ground  with  less  loss  from  evaporation 
than  if  applied  in  the  morning.  It  is  not  always  possible  to  defer 
watering  until  late  afternoon  or  early  evening,  however,  and  damage 
from  sunscald  seldom  results  from  watering  at  any  time  of  day. 
The  danger  of  seedlings  being  scalded  by  water  and  sun  together  if 
the  water  is  applied  in  the  morning  or  during  the  middle  of  a  hot 
day  has,  in  Forest  Service  nurseries,  been  found  to  exist  only  with 
stock  of  bigtree  {Seqtwia  washingtoniana)  at  the  Pilgrim  Creek 
Nursery  and  black  locust  {Rohinia  paeudacdcia)  at  the  Garden  City 
Nursery. 

The  periods  between  watering  should  be  progressively  lengthened 
after  the  growing  season  is  from  one-half  to  two-thirds  over,  so  as  to 
induce  the  formation  of  terminal  buds  and  the  hardening  of  the 
wood.  This  is  essential.  If  heavy  watering  is  continued  until  fall 
and  is  accompanied  by  warm  weather,  seedlings  may  continue  growth 
until  the  season  of  heavy  frosts.  The  plants  are  liable  to  serious 
damage  by  frost  if  they  are  in  a  succulent  growing  condition,  and  it 
is  obvious  that  they  should  be  hardened  if  possible.  Withholding 
water  and  exposing  the  plants  to  sunlight  is  considered  one  of  the  best 
methods  of  accomplishing  this  result. 

If  the  soil  is  exceptionally  dry  just  before  winter  sets  in,  the  beds 
should  be  given  a  thorough  watering  to  lessen  the  probability  of  win- 
ter killing  or  drying  out. 

^2-4)  stock  In  tbat  which  Is  grown  two  years  in  the  teed  bed  and  not  transplanted. 
]•!  stock  Is  that  which  is  grown  one  year  in  the  seed  bed  and  one  year  in  the  trans- 
phint  bed. 
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WEEDING   AND   CULTIVATING. 

Weeding  in  seed  beds  is  usually  a  hand  operation  because  the 
seedlings  or  rows  of  seedlings  are  too  close  together  to  permit  the 
use  of  hand  cultivators.  Weeds  are  most  easily  removed  when  the 
beds  are  moist.  They  should  not  be  allowed  to  become  so  large  that 
their  removal  will  disturb  the  seedlings,  but  there  is  no  necessity  of 
removing  them  when  they  are  very  small.  Such  work  is  slow  and 
tedious.  The  removal  of  weeds  improves  the  growing  conditions  for 
the  stock  by  eliminating  competition  for  light  and  soil  moisture. 

Cultivation  is  not  practiced  extensively  in  seed  beds  at  Forest 
Service  nurseries,  except  to  check  damping-off.  Broadcasted  beds  do 
not  permit  it;  and  where  a  good  water  system  is  installed  it  is  not* 
essential  for  the  purpose  of  conserving  moisture.  Watering  is  effi- 
cient and  cheaper.  In  heavy  soils  which  bake  and  crust  after  water- 
ing, however,  cultivation  is  desirable.  It  breaks  up  the  crust  and 
insures  a  better  aerated  and  warmer  soil,  a  condition  which  tends  to 
the  development  of  larger  and  better  stock.  Where  the  stock  is  in 
rows  6  inches  or  more  apart,  hand  cultivators  can  be  used.  Im- 
provised rakes  with  tines  of  8d  and  lOd  finishing  nails  are  some- 
times used,  but  are  not  very  satisfactory.  Garden  rakes  and  {>otato 
hooks  with  some  of  the  tines  removed,  or  very  small  hoes,  are  quite 
effective. 

WINTEE  MULCHING. 

Some  soils  are  subject  to  heaving  caused  by  alternate  freezing  and 
thawing  during  the  winter  and  spring.  When  this  occurs  plants  are 
liable  to  be  lifted  with  the  soil  and  a  portion  of  their  roots  broken 
off.  Thin  stands  of  seedlings  and  seedlings  with  shallow  root  sys- 
tems are  most  subject  to  this  damage.  When  the  soil  resumes  its 
normal  position  the  plants  remain  sticking  up  above  the  beds  or 
else  topple  over.  It  is  not  a  practicable  operation  to  reset  them  in 
the  ground,  and  they  are  usually  a  total  loss.  Winterkilling  due  to 
excessive  drying  of  the  tops  of  stock  when  the  ground  is  frozen  and 
the  roots  unable  to  secure  water  is  another  source  of  danger.  Where 
necessary,  then,  precautions  should  be  taken  to  guard  against  these 
two  sources  of  loss. 

For  protection  against  heaving  and  winterkilling  good,  clean  straw, 
marsh  hay,  or  leaves  and  twigs  free  from  seed  can  be  used  as  a  mulch. 
At  the  Monument  Nursery  oak  brush,  cut  in  August  to  retain  the 
leaves,  gives  splendid  results  for  winter  mulch  on  yellow  pine.  A 
cover  used  with  success  on  the  Minnesota  National  Forest  is  burlap 
of  one  thickness.  After  the  first  fall  of  snow  of  IJ  inches,  which 
sifts  in  and  around  the  seedlings,  nearly  covering  them,  the  burlap 
cover  is  put  over  the  beds  and  secured  in  place  by  the  edges  of  the 
seed-bed  frames,  which  are  left  on  the  beds  over  winter.     This  cover 
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has  the  advantage  of  being  easy  to  put  on  and  remove,  and  it  does 
not  bring  weed  or  grass  seed  to  the  beds.  The  last  consideration  is  a 
very  important  one,  since  weed  or  grass  seed  brought  in  with  a 
mulch  is  likely  to  impede  nursery  operations  very  seriously  and  add 
to  their  cost.  A  mulch  should  not  be  put  on  thickly  enough  to  heat 
and  should  lie  as  loosely  as  possible.  If  winterkilling  is  probable, 
the  tops  should  be  covered;  if  only  heaving  threatens,  just  the  soil 
around  the  roots  need  be  covered.  The  mulch  should  be  distributed 
after  the  ground  is  well  frozen  in  the  fall  and  removed  in  the  spring 
before  growth  starts  and  as  soon  as  there  is  little  danger  of  serious 
freezing  at  night.  It  can  be  prevented  from  blowing  away  by  cover- 
ing the  seed  beds  with  the  protective  frames. 

When  snow  comes  early  in  the  fall  and  lies  until  well  into  the 
spring  it  serves  as  a  cover  and  usually  makes  artificial  mulching' 
unnecessary.  In  fact,  where  there  is  such  a  snow  cover  an  artificial 
mulch  in  addition  is  very  likely  to  cause  heating  and  molding  of  the 
plants.  Where  the  winters  are  cold  and  windy  and  the  snowfall  light 
mulching  is  generally  considered  advisable,  but  its  absolute  necessity 
can  be  determined  only  by  trial.  As  the  operation  is  expensive  it 
should  not  be  practiced  unless  essential.  In  Forest  Service  work  it 
is  practiced  with  all  species  only  at  the  Monument,  Converse  Flats, 
and  Gallinas  Nurseries.  To  prevent  winterkilling  it  is  necessary 
to  mulch  1-0  Arizona  cypress  at  the  Fort  Bayard  Nursery  and 
white  and  Douglas  firs  and  incense  cedar  at  the  Pilgrim  Creek 
Nursery.  At  the  Pocatello  and  Trapper  Creek  Nurseries  mulch- 
ing is  not  practiced;  but  at  the  former  some  loss  in  Douglas 
&  is  experienced  from  winterkilling,  and  at  the  latter  a  similar 
loss  in  western  yellow  pine  has  occurred  where  the  snow  blew 
off  the  beds  in  midwinter.  At  the  Cottonwood  Nursery  mulch- 
ing is  attended  by  a  loss  from  heating  and  by  molding  due  to  the 
heavy  snowfall,  but  some  loss  from  spring  heaving  occurs  there  in 
thinly  broadcasted  beds  of  1-0  Douglas  fir,  Engelmann  spruce,  and 
Norway  spruce,  and  in  drill-sown  beds  of  the  last  two  species.  At 
the  Wind  Eiver  and  Boulder  Nurseries  mulching  has  been  found 
to  be  unnecessary,  and  at  the  former  even  harmful.  At  the  Monu- 
ment Nursery  a  straw  covering  damages  Austrian  pine;  and  at  the 
old  Garden  City  Nursery  it  was  found  that  heating  and  molding  was 
much  more  likely  to  occur  under  straw  than  under  a  mulch  of  leaves. 

CARE  OF  SEEDUNGS  IS  SUCCEEUING  TEARS. 

WATERING,    WEEDING,   AND   SHADING. 

When  plants  are  left  in  the  seed  beds  longer  than  one  year,  the 
cultural  operations  are  very  similar  to  those  of  the  first  year.  Water- 
ing and  weeding  are  carried  on  as  often  as  appear  necessary.  Shad- 
ing is  imnecessary  with  most  species,  but  not  with  all.    Engelmann 
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spruce  thrives  much  better  if  shaded  during  the  second  year  at  the 
Boulder,  Savenac,  and  Monument  Nurseries.  The  same  is  true  with 
bigtree  at  the  Savenac,  Douglas  fir  at  the  Pocatello,  and  western  red 
cedar  (Thuja  plicata)  and  Norway  spruce  at  the  Wind  River 
Nursery.  At  the  Converse  Flats  Nursery  2-0  Jeffrey  pine  and  2-0 
incense  cedar  are  shaded,  but  it  is  not  known  to  be  necessary.  At  the 
Page  Creek  Nursery  the  shading  of  sugar  pine  in  its  second  year  in 
the  seed  beds  has  proved  undesirable,  because  the  seedlings  when 
.shaded  reach  a  size  larger  than  is  convenient  for  transplanting. 

ROOT   PRUNING. 

Root  pruning  is  the  cutting  off  of  the  lower  part  of  the  roots  of 
seedlings  without  removing  them  from  the  beds.  Its  object  is  to 
promote  the  growth  of  lateral  finely  branched  roots  and  a  stocky 
top  (Pis.  IX  and  X).  It  is  especially  worthy  of  trial  for  species 
with  very  pronoimced  taproots  or  with  any  species  when  field  plant- 
ing is  to  be  attempted  with  seedling  stock.  It  is  a  practicable  opera- 
tion only  when  the  seedlings  are  grown  in  drills  or  in  narrow  broad- 
casted strips.  It  has  not  been  tried  extensively  at  Forest  Service 
nurseries,  and  the  results  of  the  practice  are  not  yet  conclusive. 

One  type  of  pruner  that  has  been  used  is  a  large  butcher  knife, 
which  is  thrust  into  the  ground  between  the  rows  at  an  angle  of 
about  45°  and  then  drawn  along  so  that  its  edge  severs  the  roots 
about  6  inches  below  the  surface  of  the  soil.  Another  is  a  heavier 
blade  about  12  inches  long  which  is  bent  below  the  middle  and  has 
its  lower  cutting  end  slanted  somewhat  downward.  It  has  two  han- 
dles at  right  angles  to  each  other  and  about  8  inches  apart.  Before 
starting  to  prune  with  this  tool  the  soil  between  two  rows  of  trees  is 
cut  with  a  spade,  then  the  bent  end  of  the  pruning  blade  is  dipped 
into  the  soil  at  the  end  of  a  row  and  drawn  along  as  in  shaving  at 
any  desired  depth  under  the  surface.  The  tool  most  commonly  used 
is  a  sharp  spade,  which  is  driven  into  the  soil  at  an  angle  along  one 
or  both  sides  of  a  row  of  seedlings  and  thus  cuts  off  a  portion  of  the 
roots.  The  advantage  of  using  a  spade  is  that  it  can  be  operated 
more  rapidly  than  the  other  tools  and  can  be  used  even  in  stony  soils. 
The  other  tools  are  not  very  efficient  under  any  condition,  and  are 
especially  impractical  in  stony  ground  because  they  are  quickly 
dulled.  In  Australia  root  pruning  with  spades  is  practiced  even 
where  broadcast  sowing  is  done  in  long  strips  12  to  13  inches  wide. 
Two  men  with  sharp  spades  work  together.  Facing  each  other  on 
opposite  sides  of  a  strip,  each  thrusts  a  spade  into  the  soil  on  his  side 
of  the  row,  guiding  it  at  an  angle  of  about  45°  downward  and  toward 
the  center  of  the  strip.  The  spades  meet,  practically  insuring  the 
severance  of  the  lower  portions  of  the  roots  of  all  seedlings  in  the 
strip. 
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Plate  IX. 


3-0  Western  Yellow  Pine,  Beaver  Creek  Nursery,  Wasatch  National 
Forest.   Stock  not  Root  Pruned.  ^ 

Note  better  development  of  roots  on  root-pruned  stock  (Plate  X|o  cy  '^^jOOglC 
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3-0  Western  Yellow  Pine,  Beaver  Creek  Nursery,  Root  Pruned  in  the  Spring 

OF  Its  Third  Year. 

Note  better  root  systems  than  on  unpnined  stock  (Plate  IX). 
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3-0  Douglas  Fir,  Boulder  Nursery. 

Compare  root  development  with  that  of  same  a^ed  (2-1)  transplant  stock  (Plate  XI). 
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Plate  XIII. 


3-0  Engelmann  Spruce. 

Compare  root  development  with  that  of  same  aged  (2-1)  stock  (Plate  XrV^). 
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2-1  Engelmann  Spruce. 
Compare  root  development  with  same  aged  (S-0)  seedling  stock  (Plate  XIII). 
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Plate  XV. 


FiQ.  1  .—Western  Yellow  Pine:  1,1-0  from  Spring-Sown  Seed;  2, 1-0  from  Fall- 
Sown  Seed;  3, 2-0;  4, 1-1 ;  5, 2-1 ;  6, 1-2;  7, 2-2. 
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FiGL  2.— Enqelman  Spruce:  1,1-0  from  Spring-Sown  Seed; 
2, 1-0  from  Fall-Sown  Seed:  3,  2-0;  4,  2-1;  5,  2-2. 


FWL  3.— Douglas  Fir:  1,1-0  from  Spring-Sown  Seed;  2,1-0  from     ^.^T^ 
Fall-Sown  Se^d;  3,  2-0;  4,  2-1 ;  5, 2-2;  6,  2-W^^^  ^v  ^ ^.O^IL 
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Fig.  l.'Six  Beds  at  Left  Sown  and  Covered  for  the  Winter,  Bessey  Nursery. 

Bed  at  right  an  experiment  in  the  control  of  damping-off. 


Fia  2.— Western  Yellow  Pine,  Bessey  Nursery. 

Heavy  loss  due  to  late  spring  transplanting. 
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Soot  pruning  is  sometimes  practiced  during  the  first  season  that 
the  plants  are  in  seed  beds,  but  ordinarily  it  should  be  done  about 
the  time  growth  is  to  start,  or  shortly  after,  during  the  second  or 
third  season.  This  gives  the  plants  ample  time  to  recuperate  before 
the  end  of  the  season.  There  is  little  doubt  that  by  root  pruning 
plants  can  be  produced  which  will  prove  more  suitable  for  field 
planting  under  adverse  conditions  than  unpruned  seedling  stock. 
On  the  other  hand,  it  is  not  certain  that  it  will  produce  stock  as 
suitable  for  planting  on  the  poorest  sites  as  transplants,  and  it  re- 
sults in  an  increase  in  the  mortality  of  the  seedlings.  To  decrease 
the  possibility  of  losses  the  beds  should  be  watered  heavily  before 
and  again  immediately  after  the  operation. 

TRANSPLANTING. 

In  transplanting,  seedlings  are  transferred  from  seed  beds  to  other 
beds,  where  they  are  given  a  uniform  spacing  and  much  more  grow- 
ing space. 

OBJECT    AND    ADVISABILITY. 

Transplanting,  like  root  pruning^  has  for  its  object  the  production 
of  stock  which  is  most  likely  to  succeed  in  field  planting,  particularly 
on  inhospitable  sites.  Its  effect  is  to  check  height  growth  of  th^d 
plants  somewhat  and  to  stimulate  development  of  the  finer,  lateral 
feeding  roots  (Pis.  XI  to  XV).  In  the  vast  majority  of  cases  such 
stock  is  more  suitable  for  planting  under  imf avorable  conditions  than 
seedlings.  The  conditions  on  much  of  the  area  to  be  planted  on  the 
National  Forests  are  more  or  less  inhospitable ;  the  area  is  so  large 
that  rapid  planting  is  desirable  both  to  cover  the  ground  and  to 
reduce  costs;  and  to  conduct  the  planting  operations  it  is  often  im- 
possible to  secure  other  than  unskilled,  careless,  and  indifferent  labor, 
which  means  that  much  of  the  stock  will  be  poorly  planted.  These 
factors  make  imperative  the  production  of  stock  best  suited  to  with- 
stand them.  Since  transplanting  achieves  this  result,  its  general 
advisability  becomes  apparent. 

As  the  greatest  single  expense  of  nursery  operation,  however,  comes 
in  transplating,  this  operation  may  be  inadvisable  in  regions  such 
as  northern  Idaho,  where  experience  indicates  that  success  may  be 
achieved  with  seedling  stock.  Comparative  tests  of  the  two  classes 
of  stock  for  each  species  and  region  are  necessary  to  determine  the 
final  practice  in  this  regard. 

SEASON. 

In  transplanting,  the  roots  of  seedlings  lose  their  contact  with  the 
soil  of  the  seed  beds  and  do  not  function  again  until  they  become 
established  in  the  soil  of  the  transplant  beds.    During  the  growing 
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period  the  crowns  of  the  seedlings  make  constant  demands  upon  the 
roots  for  moisture.  Since  the  roots  are  unable  to  furnish  tnis  imme- 
diately after  .transplanting,  it  is  quite  essential,  in  order  to  prevent 
losses,  to  conduct  the  transplanting  operation  during  the  dormant 
period  of  the  seedlings,  which  is  normally  from  fall  to  spring. 
Snow  and  the  frozen  condition  of  the  soil  make  transplanting  im- 
possible during  the  winter.  It  must  be  done,  therefore,  either  in  the 
spring  or  fall. 

Fall  transplanting  has  only  a  few  advantages.  There  is  not  the 
danger,  as  in  spring,  of  the  plants  starting  growth  before  the  oper- 
ation is  completed;  and  the  transplants  are  ready  to  start  growth 
early  the  following  spring  and  reach  a  larger  size  by  fall  than  they 
would  otherwise.  On  the  other  hand,  fall  transplanting  is  liable  to 
be  stopped  at  any  time  by  early  snow  or  freezing  weather;  it  neces- 
sitates double  the  regular  transplant  area  in  case  the  stock  trans- 
planted the  previous  fall  is  not  yet  shipped;  fertilizer  crops  (where 
green  manuring  is  practiced)  can  not  be  turned  under  in  time  to  decay 
before  transplanting;  and  the  transplanted  stock  is  likely  during  the 
Avinter  to  be  heaved  out  of  the  ground  or  winterkilled  because  the 
roots  have  not  taken  a  fiiTn  hold  on  the  soil.  Severe  losses  of  fall 
transplanted  western  yellow  pine  at  the  Savenac,  Pocatello.  Uinta, 
and  Pilgrim  Creek  Nurseries  have  been  caused  by  heaving. 

Spring  transplanting  is,  in  general,  preferable  to  fall  transplant- 
ing. The  chief  objection  to  it  is  that  growth  in  the  seed  beds  may 
start  before  the  transplanting  can  be  completed,  causing  loss  in  the  - 
transplant  beds.  The  danger  can  be  obviated  by  working  a  large 
transplanting  crew  and  rapidly  finishing  the  operation.  Spring 
transplanting  should  be  started  as  early  as  the  condition  of  the  soil 
will  permit  and  then  rushed.  At  the  Bessey  Nursery  the  loss  in 
transplanting  jack  pine  and  western  yellow  pine  in  April  was  12  and 
17  per  cent,  respectively,  and  increased  to  30  and  40  per  cent  in 
May  (PL  XVI). 

If  the  beginning  of  growth  threatens  or  starts  before  transplanting 
is  finished,  there  is  a  pojssibility  that  it  may  be  checked,  but  none  of 
the  known  methods  is  highly  efficient.  One  method  is  to  heel  the 
plants  in  the  ground  in  a  cool,  shady  situation,  such  as  the  bank  of 
a  small  stream  where  there  is  good,  fine  soil.  A  trench  deep  enough 
to  accommodate  the  roots  and  with  one  sloping  side  is  dug;  the 
plants  are  spread  out  along  the  sloping  side  in  a  layer  two  or  three 
deep  with  their  tops  above  the  surface  of  the  soil  and  their  roots 
extended  to  the  bottom  of  the  trench;  and  the  loose  soil  is  then 
thrown  over  the  roots  and  packed  well.  If  the  soil  is  dry  it  is 
watered  immediately  and  at  intervals  later  on.  If  no  shade  is  avail- 
able the  tops  are  loosely  covered  with  some  such  material  as  burlap 
or  straw  and  are  examined  frequently  to  observe  any  heating.    Fall 
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heeling  in  of  Douglas  fir  seedlings  for  spring  transplanting  at  the 
Boulder  Nursery  and  of  western  white  pine  at  the  Savenac  Nursery 
proved  very  unsatisfactory.  At  the  Boulder  Nursery  the  stock  ap- 
peared fresh  and  green  in  the  spring,  although  of  a  darker  color  than 
in  the  fall.  Only  a  few  of  the  trees  had  died ;  but  the  needles  pulled 
off  very  easily,  indicating  a  loss  of  vitality.  After  transplanting 
about  35  per  cent  of  the  stock  died.  That  which  lived  started  growth 
very  slowly  and  at  the  end  of  the  season  had  developed  in  size  only 
about  one-half  as  much  as  seedlings  left  in  the  beds  over  winter 
(PI.  XVII).  An  examination  of  the  roots  at  the  end  of  the  growing 
season  revealed  the  fact  that  all  old  laterals  had  rotted  away  and 
that  all  of  those  present  were  newly  formed. 

Another  method  is  to  cover  the  seedlings  while  they  are  in  the  seed 
beds  with  some  such  material  as  straw,  hay,  or  shade  frames.  If  straw 
or  hay  is  used,  the  seedlings  should  be  examined  frequ^itly  to 
detect  any  heating.  At  the  Fort  Valley  Experiment  Station  shade 
frames  are  put  over  the  beds  after  they  become  snow  covered.  In 
the  spring  these  retard  for  a  short  time  the  melting  of  the  snow 
and  the  development  of  the  seedlings. 

It  is  possible  that  an  effective  method  would  be  cold  storage  at 
a  temperature  just  above  the  freezing  point.  In  Norway,  cold- 
storage  houses  have  been  used  very  successfully  for  holding  plants 
over  in  the  spring.  In  the  nursery  at  Softland,  on  the  west  coast 
of  Norway,  it  is  stated  that  Norway  spruce  can  safely  be  kept  in  cold 
storage  for. 2  months  and  Scotch  pine  for  1  month.  The  plants 
must  not  be  put  into  the  ice  house  when  wet,  however,  on  account 
of  the  danger  of  molding.  No  covering  whatever  is  placed  over  the 
roots  of  plants  stored  in  this  way.  The  best  plants  are  secured  by 
having  the  cellar  below  the  level  of  the  ground.  J.  Hein's  Sons, 
of  Halstenbek,  Germany,  have  their  cold-storage  house  so  far  below 
the  surface  that  it  is  unnecessary  to  use  any  ice  whatever. 

It  is  much  better  if  none  of  these  methods  are  necessary. 
Handling  of  the  plants  and  exposure  of  the  roots  should  be  avoided 
as  much  as  possible,  for  extra  handling  will  manifest  itself  in 
greater  losses  in  the  transplant  beds  and  will  increase  costs.  In 
fact,  at  the  Wind  River  Nursery  it  is  considered  better  not  .to 
remove  the  seedlings  from  the  beds  even  if  they  can  not  be  trans- 
planted until  10  days  or  two  weeks  after  growth  has  started.  The 
best  results  are  obtained  when  the  seedlings  are  transplanted  directly 
from  the  seed  beds. 

PREPARATION    OF    TRANSPLANT    BEDS. 

Transplant  beds  should  be  given  practically  the  same  thorough 
preparation  as  seed  beds,  except  that  hand  spading  is  unnecessary. 
The  area  should  be  plowed  as  deeply  as  possible,  because  this 
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facilitates  transplanting  operations.  After  harrowing  and  grading 
all  large  roots,  rubbish,  and  stones  should  be  picked  up  and  carte< 
away  and  the  smaller  trash  raked  off.  The  beds  are  then  laid  oul 
preferably  in.  some  rectangular  system  and  with  a  great  deal  oi 
regularity,  but  necessarily  in  accordance  with  what  the  water  systen 
demands.  Ordinarily  tiie  comers  of  the  beds  are  marked  witt 
stakes,  and  the  beds  are  separated  by  paths  from  1^  to  2  feet  wid< 
at  the  sides  and  from  2  to  4.  feet  wide  at  the  ends.  The  paths  al 
the  ends  of  the  bed?  generally  follow  a  branch  of  the  water  system 
A  convenient  size  of  transplant  bed  where  sprinkling  is  practiced 
is  6  feet  wide  and  of  any  length  up  to  100  feet  Solid  blocks  may 
be  planted,  particularly  when  the  rows  run  lengthwise  of  the  beds. 
Where  subirrigation  is  practiced  the  beds  can  not  very  well  be  more 
than  2  fe^  wide  in  order  to  allow  for  frequent  ditches.  After 
being  prepared  the  beds,  if  not  moist,  should  be  sprinkled  thor- 
oughly. This  settles  the  soil,  facilitates  the  opening  up  of  the 
trenches  which  are  to  receive  the  seedlings,  and  insures  a  greater 
success  in  the  transplanting  operation. 

AGE,  SUE,  AI7D  SPACING  OF  TRANSPLANT  STOCK. 

The  principal  feature  which  determines  at  what  age  stock  should 
be  transplanted  is  its  size.  It  is  slower  to  transplant  very  small  or 
very  large  stock  than  intermediate  sizes.  Small  stock  can  be 
handled  only  slowly  and  usually  has  to  be  left  in  the  transplant 
beds  2  years  before  it  becomes  large  enough  for  field  planting,  neces- 
sitating a  transplant  area  extensive  enough  to  accommodate  2  years' 
output  of  seedlings.  Large  stock  necessitates  the  digging  of  deep 
trenches  and  wider  spacing  in  the  beds  and  should  not  be  used  for 
transplanting  unless  the  resulting  transplant  stock  is  particularly 
well  adapted  for  field  planting. 

Coniferous  seedlings  averaging  from  2  to  3  inches  in  height  are 
the  most  desirable  size  for  transplanting.  If  possible,  such  stock 
should  be  produced  in  1  year.  At  the  end  of  1  year  in  the  trans- 
plant bed  it  is  usually  well  enough  developed  for  field  planting. 
Thus  transplants  suitable  for  field  planting  will  be  produced  in  2 
years,  and  this  seems  to  be  the  end  toward  which  nursery  practice 
should  work.  Older  stock,  however,  will  undoubtedly  continue  to  be 
superior  under  some  conditions. 

At  Forest  Service  nurseries  it  has  not  yet  been  possible  to  produce 
in  1  year  stock  of  all  species  large  enough  for  transplanting.  Some 
species  are  inherently  of  such  slow  initial  growth  that  they  will  not 
reach  a  suitable  size;  and  some  nurseries  are  located  where  the 
growing  season  is  so  short  that  sufficient  development  is  not  reached 
in  1  year.    The  following  table  shows  the  age  at  which  seedlings 
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Plate  XVII. 
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Effect  of  "Heeling  In"  over  Winter. 

Retarded  development  of  both  the  root  system  and  crown  ns  compared  with  the  tree  which 
was  transplanted  direct  from  the  seed  bed.  A.  Transplanted  in  tlio  spring  direct  irom 
seed  bed.    B.  Transplanted  in  the  spring  alter  "heeling  m"  over  winter. 
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of  differ^it  species  are  generally  transplanted  at  the  Forest  Service 
nurseries,  as  well  as  the  length  of  time  that  they  are  kept  in  the 
transplant  beds: 


Nunery,  tontloo,  and  species. 


Clus  of  trans- 
pluitspro- 


Nursery,  location,  and  species. 


Class  of  trans- 
plants pro- 
duoed.t 


Boulder.  Mont.: 

Plnos  poodarosa 

Fteddotsngatazifolia 

tev«nae.  Moot.: 

LarizooddentaUs 

Plceaongalmanni 

Flmis  pooderosa , 

Flinis  mootioola 

llM^piioata 

FMBtello.    Idaho:     Pseudotsuga 


mr.Nebr.: 
Ptoasauatriaea. . 
gnos  dtvaricata. 
Flnm  pooderosa. 
Pfainsresinoea... 
PIniassylveBtils.. 

[t,C0l0.! 


Ptnna  pooderosa 
Fwnidcit  siini  t  s  1 1 
Port  ^vSTn.  Mex. 


Janlpenis  mooospenna. 
Juniperos  pacfayphkea . 
Ptarasleffreyi. 


GatKnas,  N.  Mex. 

Plnos  pooderosa. 

P^eodotsiiKa  tar' 
CoCtoowood,  Utah: 


Pleeaaxoelsa. 


1>2 
2-2 

2-2 
2-2 
1-2 
1-2  and  2-2 
2-2 

2-1,2-2 

2-landl  1 
2-1  and  11 
2-1  and  1-1 
2-1 
1-1  and  2-1 

2-1  and  2-2.8-1 
2-1  and  1-1 
2-land2-2 

1-1 
1-1 
1-1 
1-1 
1H,»-1 

2-1,  U-1 
2-1,2-2 

2-2,2-3 
2-1 


Cottonwood,  Utah— Contfaiued. 

Pinus  pooderosa 

Finns  sylvestris 

PseudotramUxifoUa 

Beaver  Creek,  Utah: 

Finns  con  torta 

Pinus  pooderosa 

Converse  Flats,  CaL: 

Cedrus  deodara 

,   Libooedrus  decurreos 

Pinus  jeflreyi 

Pinus  pooderosa 

Pilgrim  Craek,  CaL: 

Abies  oooootor 

libooedrus  decurrens 

Pinus  lambertiana 

Pinus  pooderosa 

Sequoia  washlngtooiana 

Page  Creek,  Oreg.: 

Pinus  lambertiana 

Pinus  pooderosa „ 

Wind  River,  Wash.: 

Abies  nobiUs 

Larixleptolepis 

Piceaexoelsa 

Pinus  marltima 

Pinus  monticola 

Finns  lambertiana 

Pinus  pooderosa 

Pinus  resinosa 

Pseudotsuga  taxifoUa 

Thuja  plicata 

Pinus  strobus 


1-2,2-1 
2-1,1-2 
2-2,2-1 

2-1 
1-2 

1-1 

1-1,1-2 

2-1,1-2,1-1 

1-1 

1-1 
2-1,1-2 
2-1.1-2 

1-1,1-2 
1-1 

•       1-1,2-1 

1-1,1-2 

2-1 

1-1 

1-1,1-2 

1-1, 1-2 

1-1,2-1 

1-2 

1-1 

2-1 

1-2 


The  ilrst  figure  of  each  pair  Indicates  the  number  of  years  that  stock  is  left  in  seed  beds;  the  seoood 
Be,  the  Bomber  of  years  that  it  remains  in  transplant  beds. 

More  than  one  class  of  stock  of  the  same  species  is  often  prooucea 
at  a  nursery,  partly  because  the  best  class  of  stock  has  not  been  fully 
determined,  and  partly  because  of  the  different  conditions  met  in 
planting  operations.  One  nursery  may  supply  stock  for  planting  on 
seTeral  varieties  of  sites  on  each  of  which  a  certain  class  of  stock 
may  be  most  suitable. 

In  transplanting  at  Forest  Service  nurseries  spacings  not  greater 
than  li  inches  in  the  rows  and  6  inches  between  the  rows  are  the  rule. 
lliis  allows  ample  room  for  root  development  and  for  cultivation  by 
hand  cultivators.  Though  closer  spacings  than  this  are  practiced 
successfully  at  s<Mne  of  these  nurseries,  they  are  generally  considered 
inadvisable  because  the  roots  become  intertwined  and  may  be  rather 
badly  damaged  when  the  plants  are  dug  up.  The  common  error  is 
to  space  plants  more  widely  than  is  necessary.  No  harm  is  done  the 
plants  by  this  practice,  but  it  involves  the  preparation  of  a  larger 
transplant  area,  digging  and  filling  of  moi*e  trenches,  setting  of  more 
lines,  watering  and  weeding  of  a  larger  area,  a  more  extensive  water- 
ing system,  and,  in  short,  a  great  deal  more  work  and  expense  than  is 
63186*— BulL  479—17 4 
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necessary.  When  stock  reaches  a  large  size  before  or  after  trans- 
planting, or  where  there  is  a  deficiency  in  the  water  supply  during 
the  growing  season,  wider  spacing  is  justified.  It  is  thought  that 
IJ-inch  spacing  in  the  rows  is  too  close  tor  the  large  1-0  fall-sown 
Douglas  fir  at  the  Wind  River  Nursery,  and  for  2-0  western  yellow 
pine  at  Fort  Bayard. 

BEMOVINO   SEEDLINGS   FROM    SEED   BEDS   OB   **  LIFTtNO." 

The  first  step  in  transplanting  is  digging  the  seedlings  from  the 
seed  beds.  The  tool  best  adapted  to  this  purpose  under  all  conditions 
is  a  flat,  straight-handled  spade.  In  seed  beds  of.  200  seedlings  or 
more  per  square  foot  one  man  can  dig  and  deliver  to  the  planters 
from  50,000  to  70,000  plants  per  day  of  8  hours,  depending  largely 
on  the  character  of  the  soil  and  the  care  taken.  The  operation  con- 
sists simply  of  shoving  the  spade  at  a  slight  angle  into  the  ground 
at  a  distance  of  about  6  inches  from  and  parallel  to  the  outer  row, 
and  then,  by  backward  pressure  on  the  handle,  loosening  and  lifting 
the  seedlings  from  the  soil  which  surrounds  them.  In  drill-sown 
beds  the  practice  is  often  to  drive  the  spade  in  behind  the  row  of 
seedlings  and  pry  them  away  from  the  remaining  stand.  When  the 
seedlings  are  thoroughly  loosened  and  the  soil  around  them  is  shaken 
apart,  they  can  be  removed  without  serious  breakage  of  the  roots. 
Two  men  work  to  best  advantage.  While  one  works  the  spade  the 
other  grasps  the  tops  of  a  bunch  of  seedlings,  and,  by  a  weaving 
motion  accompanied  by  a  slight  pull,  removes  a  bunch  of  plants 
at  one  time.  This  is  work  which  should  be  intrusted  to  one  or  more 
carefully  selected  crews.  At  a  number  of  the  nurseries  one  man  does 
it  alone.  Before  starting  the  operation,  the  soil  should  be  fairly 
fresh.  If  necessary,  it  should  be  watered  to  secure  this  condition. 
Gurden  forks  are  sometimes  used  instead  of  spades.  They  can  be 
handled  more  rapidly,  but  are  very  likely  to  skin  the  roots. 

At  several  nurseries  horse-drawn  tree  diggers  (Pis.  XVTII  and 
XIX)  are  used  for  both  seedlings  and  transplants.  The  principal 
merit  of  these  is  that  the  trees  can  be  dug  very  rapidly.  The  sharp- 
edged  horizontal  wedge  of  the  digger  shown  in  figure  2,  Plate  XVIII, 
is  drawn  under  the  trees  at  any  necessary  depth  down  to  12  inches 
and  loosens  a  strip  of  plants  about  a  foot  in  width.  It  is  somewhat 
difficult  to  guide  accurately,  occasionally  coming  near  the  surface 
and  cutting  off  the  roots  too  closely.  Some  plants  also  have  their 
roots  badly  skinned  and  the  tops  of  others  are  trampled  by  the 
horses. 

The  digger  shown  in  Plate  XVIII,  figure  1,  is  a  modification  of 
a  14-inch  stubble  plow.  The  moldboard  is  cut  in  half  horizontally 
and  the  plow  is  equipped  only  with  the  lower  part  when  digging 
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large  stock.  For  small  stock  a  vertical  wooden  moldboard  is  used 
in  place  of  the  steel.  This  merely  serves  to  push  the  trees  away 
after  they  are  loosened,  but  does  not  cover  them. 

With  the  digger  shown  in  Plate  XIX  the  principle  of  operation 
is  very  simple.  A  wedge-shaped  knife  7  feet  long,  12  inches  wide, 
and  6  inches  thick  in  the  rear  is  drawa  under  the  beds  at  regulated 
depths.  As  the  trees  are  loosened  they  are  crowded  out  over  the 
wedge  by  the  forward  movement  of  the  implement  and  are  picked 
from  the  soil  in  the  rear.  The  digger  is  drawn  by  a  horse-operated 
capstan  and  steel  cable  and  travels  at  the  rate  of  6  feet  per  minute. 
The  trees  are  removed  in  perfect  condition.  It  works  better  with 
transplants  than  with  seedlings,  because  the  latter  are  sometimes 
covered  with  soil  before  they  can  be  removed. 

All  of  these  diggers  loosen  the  soil  to  such  an  extent  that  the 
trees  must  be  taken  up  very  quickly ;  and  since  their  economic  rate 
of  operation  is  considerably  faster  than  transplanting,  some  extra 
labor  is  required  to  heel  in  the  seedlings  temporarily. 

Precautions  must  be  taken  to  prevent  the  drying  out  of  the  roots. 
It  is  well  known  to  nurserymen  that  conifers  are  quite  sensitive  in 
tills  respect,  but  laborers  do  not  generally  realize  its*  significance. 
In  semiarid  regions  the  danger  is  especially  gi*eat.  Buckets,  basins, 
or  tubs  partially  filled  with  water  are  sometimes  kept  at  hand,  and 
as  fast  as  the  seedlings  are  dug  their  roots  are  immersed  in  these. 
All  the  soil,  and  it  is  thought  some  of  the  fine  rootlets,  are  washed 
off  by  this  practice.  This  has  led  to  a  different  method  at  some  of 
the  nurseries.  Boxes  about  3  feet  long  by  2  feet  wide  are  padded 
inside  with  moist  burlap  or  with  burlap  over  moist  sphagnum  moss. 
They  also  contain,  fastened  at  one  end  of  the  box,  several  moistened 
burlap  pads  which  are  used  to  separate  successive  layers  of  trees. 
As  the  seedlings  are  dug  they  are  placed  in  the  boxes  in  layers  with 
a  moist  pad  between  each  layer  and  carried  to  the  transplanting 
area.  In  this  manner  the  roots  are  kept  constantly  moist,  but  are 
not  washed. 

The  importance  of  not  subjecting  the  roots  of  conifers  to  ex- 
posure at  any  time  can  not  be  emphasized  too  strongly.  Coniferous 
tops  remain  green  for  a  long  time  after  the  roots  are  dead,  and 
their  appearance  can  not  be  taken  as  a  criterion  of  the  condition 
of  the  stock  An  exposure  of  even  2  or  3  minutes,  particularly 
on  a  windy  or  very  hot  day,  may  prove  fatal;  and  mortality  in 
transplant  beds  or  in  field  planting  may  be  due  to  lack  of  care 
in  this  respect  rather  than  to  improper  methods  of  transplanting 
or  field  planting.  At  the  Boulder  Nursery  experiments  in  exposing 
seedlings  of  Douglas  fir  to  the  sun  for  periods  varying  from  3 
minutes  to  4  hours  resulted  in  a  loss  in  the  transplant  beds  of  5 
per  cent  when  the  exposure  was  for  3  and  6  minutes,  of  8  per  cent 
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with  a  10-mihute  exposure,  of  12  per  cent  with  a  15-minute  ex- 
posure, of  40  per  cent  with  a  20-minute  exposure,  and  of  90  per 
cent  with  a  4-hour  exposure.  While  some  stock  survived  even 
after  4  hours'  exposure,  it  sustained  in  an  increasing  ratio  a  serious 
retardation  in  growth  as  the  period  of  exposure  increased. 

ROOT   TBIMMmC. 

After  being  removed  from  the  seed  beds  the  roots  of  seedlings  may 
be  trimmed  or  pruned  to  a  length  of  6  or  7  inches  before  they  are 
transplanted.  A  sharp  knife,  scissors,  hatchet,  or  meat  ax  is  suit- 
able for  the  operation.  Usually  a  bunch  of  seedlings  are  gathered  in 
one  hand  and  the  roots  of  all  pruned  at  the  same  time.  In  this 
operation  special  care  should  be  taken  to  remove  all  badly  skinned, 
broken,  or  diseased  roots. 

Soot  trimming  facilitates  transplanting  operations,  because  the 
trenches  do  not  have  to  be  dug  deeply  to  receive  the  seedlings;  and 
to  some  extent  it  promotes  the  formation  of  a  compact,  well-devel- 
oped root  system.  On  the  other  hand,  if  it  is  carelessly  done,  the 
roots  of  some  seedlings  are  likely  to  be  cut  so  short  as  to  injure  them 
and  cause  greater  losses  in  the  transplant  beds.  Moreover,  in  dig- 
ging seedlings  for  transplating  it  is  seldom,  unless  special  care  is 
taken,  that  roots  longer  than  from  8  to  10  inches  are  retained.  These 
are  not  too  long  for  rapid  and  successful  transplanting.  At  the 
Boulder  Nursery  the  conclusion  has  been  reached  that  with  Douglas 
fir  root  pruning  makes  the  stock  less  desirable  for  planting  on  areas 
east  of  the  Continental  Divide,  because  it  induces  the  formation  of  a 
root  system  too  superficial  for  best  results  in  planting  in  this  dry 
region.  In  general,  where  the  seed-bed  operations  are  properly  car- 
ried out  root  pruning  is  uimeces^ry. 

QBADINQ  BEEa>LINGS. 

Seedlings  which  are  badly  damaged  in  digging  and  those  which 
have  very  poor  root  systems  or  poorly  developed  tops  should  not  be 
transplanted.  Their  use  makes  certain  a  greater  loss  in  the  trans- 
plant beds  and  the  production  of  a  mixed  quality  of  transplant  stock, 
some  of  which  at  the  end  of  the  regular  rotation^  for  the  species  is 
too  poorly  developed  for  field  planting.  Such  seedlings  should  be 
discarded  or,  at  most,  transplanted  in  beds  separate  from  the  better 
stock.  The  discarding  or  grading  can  be  done  either  when  the  seed- 
lings are  being  removed  from  the  seed  beds  or,  better,  as  they  are 
threaded  into  the  transplant  boards.  In  the  latter  case  men  with 
good  judgment  in  this  matter  will  have  to  be  assigned  to  the  thread- 
ing tables.  The  importance  of  discarding  or  grading  out  such  stock 
justifies  the  operation  being  practiced  at  all  nurseries. 
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TBAI7SPLANT  TOOLS. 

Dibble. — A  dibble  is  a  round  or  dagger-shaped,  straight  steel  tool 
with  a  blade  about  7  inches  long  and  from  i  to  1  inch  wide  and 
usually  provided  with  a  handle.    Its  use  is  described  later. 

Trenching  tools. — Spade :  For  opening  the  trench  in  the  transplant 
bed  to  receive  the  seedlings  the  spade  is  most  commonly  used  and  is 
the  best  all-around  tool  for  the  purpose.  With  it,  either  a  wedge- 
shaped  trench  or  an  excavation  one  side  of  which  is  vertical  and  the 
other  sloping  can  be  made.  Moreover,  it  is  better  adapted  to  a 
.variety  of  soils  and  for  digging  the  trench  to  any  desired  depth  than 
other  tools. 

Hand  trencher :  The  hand  trencher  is  described  as  follows  in  Vol- 
ume X,  No.  1,  of  the  Forestry  Quarterly : 

TTie  hand  trencher  consists  of  two  plates  of  steel  7  Inches  wide  and  26  inches 
long,  welded  together  along  one  edge  and  drawn  out  to  a  thin  cutting  blade. 
The  opposite  edges  of  these  plates  are  separated  about  1  inch,  allowing  space 
Into  which  three  pieces  of  f-inch  pipe,  slightly  flattened,  are  inserted  and 
riyeted.  One  piece  of  pipe  is  inserted  in  the  center  and  the  other  two  at  2J 
inches  from  the  ends  of  the  plates.  AIL  are  brought  together  in  a  cross  or 
four-way  pipe  connection,  8  inches  above  the -plates.  Into  the  upper  opening 
of  tbe  cross  a  piece  of  pipe  20  inches  long  Is  fitted,  supporting  a  toe  into  which 
6-in<^  pieces  of  pipe  are  screwed  forming  a  complete  T-handle.  To  obviate 
a  second  bending  of  the  pieces  which  extend  from  the  ends  of  the  blade  to 
tbe  handle,  nipples  and  angle  connections  may  be  used.  The  trencher  weighs 
from  18  to  24  pounds,  depending  on  the  thickness  of  steel  used  In  the  blade, 
and  should  be  made  by  any  blacksmith  at  a  cost  of  from  $3  to  $5. 

To  make  a  trench  the  trencher  is  put  in  proper  position  and  weight  put  on 
it  by  placing  the  foot  on  the  top  of  the  blade.  The  operator  then  works  the 
handle  to  and  from  his  body  as  the  blade  sinks  into  the  soil,  making  a  trench 
about  2f  inches  wide  at  the  top  and  any  desired  depth  depending  upon  the 
length  of  the  roots  of  the  seedlings  to  be  transplanted.  For  a  planting  board 
6  feet  or  6  feet  3  inches  long  the  trencher  must  be  set  Into  the  bed  three  times 
in  the  same  line.  A  36-inch  trencher  requires  two  men  to  handle  it  while  one 
man  can  handle  a  26-lnch  implement  This  tool  leaves  a  trench  with  smooth 
rides  and  can  be  used  very  satisfactorily  in  almost  any  nursery  soil. 

This  hand  trencher  was  devised  by  Mr.  William  H.  Mast  for  use 
at  the  Bessey  Nursery,  where  the  soil  is  very  sandy,  light,  and  easily 
worked.  Here  this  tool  has  given  very  good  satisfaction.  It  un- 
doubtedly will  do  likewise  in  any  other  nursery  where  the  soil  is 
li^t,  loose,  and  free  of  rocks  and  dfl)ris.  It  is  also  used  successfully 
in  the  rather  heavy  spil  of  the  Monument  Nursery.  There  the  tool 
used  is  only  12  inches  wide  and  8  inches  high  and  has  a  wooden 
instead  of  a  pipe  handle.  One  very  decided  advantage  which  the 
trencher  has  is  that  the  operation  of  opening  up  each  trench  in  a  bed 
packs  the  dirt  firmly  around  the  preceding  transplanted  row  of  seed- 
lings and  thus  counteracts  carelessness  in  this  respect  by  the  planter. 

Broadax :  The  broadax  has  been  used  for  trenching,  but  is  unsatis- 
factory.   The  cleft  style  of  trench  only  can  be  made  with  this  tool 
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and  it  is  not  so  suitable  for  the  purpose  as  the  spade.  It  requires 
a  more  skilled  operator,  the  depth  of  the  trench  is  limited  by  the 
depth  of  the  blade,  and  it  is  more  difficult  to  run  the  lines  straight. 
Plow:  Where  the  transplants  are  in  long  rows  a  plow  has  been 
tried  for  making  the  trenches  and  has  worked  admirably.  The 
plow  is  of  the  small  dhe-horse  type  and  is  equipped  with  an  8-inch 
(depth  of  trench)  landslide,  a  short  moldboard,  and  a  shield  to  divert 
all  the  soil  toward  the  moldboard  side. 


"MAST*  TRANSPLANT    BOAKO 
f^rspcctive  View 
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'MICHIGAN' TRANSPLANT   BOARD 
Perspective  View 


Fia.  6. — Transplant  board. 

TRANSPLANT    BOARDS. 

Transplant  boards  are  all  essentially  the  same  in  principle.  There 
are  two  distinct  types,  the  basis  for  the  distinction  being  that  in  one, 
exemplified  by  the  "Mast  board,"  so  called  from  its  designer,  Mr. 
William  H.  Mast,  seedlings  are  threaded  into  the  board  from  a  bench 
and  afterwards  lowered  into  the  trench ;  while  in  the  other,  exempli- 
fied by  the  "Michigan  board,"  seedlings  are  threaded  into  the  board 
as  it  lies  on  the  ground  projecting  over  the  trench  (fig.  6).  With  the 
first  board  a  crew  of  from  5  to  7  men  (2  planters,  1  or  more  trench- 
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ere,  and  2  threaders)  is  usually  employed ;  with  the  second  board  a 
crew  of  2  men  perform  the  operation. 

The  "  Mast  board  "  is  described  in  Volume  X,  No.  1,  of  the  Forestry 
Quarterly,  as  follows: 

The  planting  board  consists  of  a  5-incli  board  6  feet  3  inches  long  with  a 
handle  attached  in  the  middle  and  extending  in  the  same  plane  as  the  surface 
of  the  board.  On  the  lower  edge  a  piece  1)  inches  wide  is  nailed  flush  with 
the  back  of  the  first  board  and  its  front  edge  beveled  to  about  one-half  inch 
in  thickness.  Into  this  edge  50  notches  are  sawed  11  inches  apart  (when  the 
trees  are  to  be  spaced  1)  inches  apart  in  the  transplant  beds),  one  notch 
falling  three-fourth  of  an  inch  from*  either  end  of  the  board.  These  notches 
are  sUgfatly  wider  at  the  bottom  than  double  the  saw-kerf,  or  about  one-eighth 
of  an  inch,  and  should  be  made  smooth  with  etnery  cloth  or  a  sharp  knife  and 
rounded  at  the  outer  edge  to  admit  of  threading  the  trees  into  them  easily. 
Before  sawing  the  notches  the  parts  between  them  should  be  strengthened  by 
driylng  one  or  two  l^-inch  brads  through  them.  The  inner  parts  of  the  notches 
are  flush  with  the  face  of  the  vertical  board,  so  that  when  the  trees  are 
threaded  into  the  notches  they  lie  flat  against  the  face  of  this  5-inch  board. 
A  slat  placed  over  them  and  fastened  by  two  buttons  holds  the  seedlings  in 
place  while  the  board  is  being  carried  from  the  threading  table  to  the  trench. 
A  loop  or  binding  of  tin  over  one  end  of  the  board  forms  a  pocket  intd  which 
the  end  of  the  slat  is  placed  before  being  buttoned  down ;  this  helps  to  hold  it 
and  prevents  it  from  slipping  past  the  end  of  the  board  when  placed  on  the 
trees.  The  slat  fits  loosely  enough  so  that  It  does  not  crush  the  stems  of  the 
seedlings  when  It  Is  buttoned  down.  The  buttons  are  made  with  a  slight  bevel, 
so  that  when  turned  only  partially  over  the  slat  they  do  not  hold  It  so  closely 
as  when  turned  at  right  angles  to  It ;  this  allows  for  handling  both  large  and 
small  Btenuned  seedlings  with  the  same  degree  of  efiiciency. 

At  the  Bessey  Nursery  the  slat  which  holds  the  seedlings  in  place 
is  now  fastened  to  the  transplant  board  by  means  of  leather  hinges. 
With  this  scheme  the  binding  of  tin  over  one  end  is  unnecessary. 

The  "  Michigan  "  planting  board  consists  of  a  6-inch  board,  7  feet 
long  and  1  inch  or  more  in  thickness,  in  which  a  row  of  one-fourth- 
inch  holes  are  bored  one-half  inch  from  the  edge  at  the  interval  of 
spacing  desired  in  the  transplant  beds.  A  narrow,  wedge-shaped  slot 
is  then  cut  from  the  edge  into  the  hole  and  all  rough  edges  and 
comers  smoothed  off.  The  point  of  the  wedge  is  upward,  so  that  any 
dirt  that  gets  in  the  holes  or  slots  may  fall  through  without  clogging 
and  pulling  out  the  seedlings  when  the  board  is  removed.  Before  the 
slots  are  cut  the  edges  of  the  board  between  them  are  reenf  orced  with 
lath  nails. 

Both  of  these  boards  are  efficient,  but  each  has  some  advantage  over 
the  other.  The  "  Michigan  board  "  has  been  used  most  extensively 
at  the  Wind  River  Nursery  and  has  been  constructed  there  at  a 
cost  of  87  cent&  The  "  Mast  board  "  is  more  complex,  but  it  also  is 
quite  easy  of  construction  and  has  been  made  for  56  cents  at  the 
Bessey  Nursery.    The  ^  Mast  board  "  can  be  used  with  any  sort  of 
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a  trench ;  the  "  Michigan  board  "  only  with  trenches  which  are  c<m- 
structed  by  excavating  the  soil.  A  single  "Mast  board"  is  better 
adapted  for  use  with  all  sizes  of  seedlings,  if  they  are  of  uniform 
development,  than  a  single  "Michigan  board."  With  the  "Mast 
board"  the  most  efficient  man  for  trenching,  threading,  and  trans- 
planting can  be  detailed  to  those  duties,  while  with  the  "  Michigan 
board  "  each  man  performs  all  of  the  operations.  When  the  "  Mast 
board"  is  used  with  seedlings  which  are  not  of  even  development, 
the  smaller  ones  get  displaced  easily  or  lost  out  or,  in  the  process  of 
tamping  the  dirt  around  the  roots,  are  pulled  down  too  deeply  into 
the  trench.  With  both  boards  there  is  some  danger  of  pulling  the 
tops  oflP  the  seedlings  as  they  are  released,  but  this  is  more  pro- 
nounced with  the  "  Michigan  "  than  with  the  "  Mast  board."  Under 
the  greatest  variety  of  conditions  it  seems  that  the  "  Mast  board  "  is 
preferable  to  the  "  Michigan."  Where  the  danger  of  drying  out  the 
roots  of  the  seedlings  is  very  great,  the  "Michigan  board"  should 
prove  the  better  of  the  two.  Using  either  board  an  efficient  crew  can 
average  from  4,000  to  5,000  plants  per  day  per  man,  and  a  record 
as  high  as  8,500  plants  has  been  made  at  the  Uinta  Nursery  with  a 
board  of  the  Mast  type. 

The  "  Yale  board  "  is  a  modification  of  the  Mast  board,  differing 
from  it  principally  in  that  the  slat  which  holds  the  seedlings  in  place 
is  attached  to  the  two  hinged  handles.  The  slat  swings  over  to  rest 
against  the  seedlings  in  much  the  same  manner  as  when  leather 
hinges  are  used  with  the  "Mast  board."  The  Yale  type  of  board 
used  at  the  Savenac  Nursery  is  provided  with  spring  clamps  which 
press  the  slat  against  the  seedlings  and  make  knobs  or  buttons  un- 
necessary. These  clamps  are  conducive  to  greater  speed  in  the  trans- 
planting operation.  The  two-men  crews  using  these  boards  average 
12,000  trees  per  man  per  day  at  this  nursery. 

Another  board  which  is  cheap,  efficient,  and  used  extensively  is 
made  simply  by  tacking  a  thin  hardwood  strip  2  or  8  inches  wide 
on  the  flat  undersurface  of  a  5  or  6  inch  board,  so  that  its  edge  will 
project  about  an  inch  beyond  the  edge  of  the  wider  board.  In  this 
projecting  edge  notches  are  cut  to  receive  the  seedlings.  When 
threaded,  the  seedlings  are  held  in  place  by  means  of  strong  elastic 
twine  stretched  in  front  of  them  from  one  end  of  the  board  to  the 
other. 

Planting  boards  are  usually  6  feet  lon^,  to  conform  to  the  most 
common  width  of  transplant  beds.  At  the  Converse  Flats  Nursery 
boards  8  feet  long  and  at  the  Savenac  Nursery  boards  8^  feet  long 
are  used.  At  the  latter  nursery  the  rows  run  lengthwise,  and  the 
greater  length  of  board  is  quite  advantageous. 
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F-«-CHT 

FiQ.  1.— Tree  Digger  in  Use  at  Bessey  Nursery. 
Weight  approximately  400  pounds. 


Fia  2.— Tree  Digger  in  Actual  Operation. 
Foot  men  are  required  to  pick  the  loose  trees  from  the  soil  as  it  breaks  over  the  rear  of  the  knife. 
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FiQ.  2.— Tampinq  Soil  Around  Roots  of  SEEOUNoa 
TRANSPLANTING    OPERATIONS. 
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Transplanting  methods  in  Forest  Service  nurseries  are  uniform  to 
Uie  extent  that  a  transplanting  board  is  used  at  all  of  them.  Such 
boards  have  proved  very  efficient,  rapid,  and  successful,  even  though 
very  trjring  weather  conditions  prevail  at  the  time  of  transplanting. 
The  old  method  of  using  a  dibble  and  transplanting  each  seedling 
as  a  distinct  operation  has  been  almost  entirely  discarded.  It  is 
accordingly  only  briefly  described  here. 

Dibble  method. — ^The  operator  inserts  the  dibble  in  the  soil  of  the 
transplant  bed  and  pries  it  back  and  forth  or  gives  it  a  quarter 
turn  to  form  an  opening  large  enough  to  receive  a  seedling.  The 
roots  are  then  inserted  in  the  hole  and  the  dibble  again  thrust  into 
the  ground  near  the  plant  and  pushed  toward  it  to  close  the  opening 
and  pack  the  dirt  around  the  roots.  If  the  spacing  in  the  transplant 
beds  is  close  enough,  this  second  thrust  of  the  dibble  can  be  made  at 
the  point  where  the  next  plant  will  be  set  and  the  operation  of  closing 
up  the  preceding  cleft  will  at  the  same  time  open  one  for  the  receipt 
of  the  next  plant.  By  the  use  of  this  system  one  man  can  trans- 
plant from  1,100  to  1,500  seedlings  per  day.  It  has  proved  a  very 
inefficient  method  in  that  the  size  of  the  opening  does  not  permit 
the  roots  to  assume  a  normal  position  when  the  plant  is  inserted. 
Crooked,  distorted  roots  and  heavy  losses  in  the  transplant  beds 
result. 

TranspUmt  board  method. — Depth  of  trench:  The  trench  should 
be  deep  enough  so  that  the  roots  will  not  be  curled  up  or  bent  over  at 
their  ends.  Such  a  position  is  not  conducive  to  the  formation  of  good 
root  systems.  Eoots  bent  unnaturally  in  this  manner,  moreover,  are 
likely  to  break  when  the  plants  are  dug  or  when  planted  in  the  field. 

Setting  seedlings  in  the  soil:  When  the  "Michigan  board"  is 
used  the  process  of  setting  seedlings  in  the  soil  is  quite  simple.  Lay- 
ing the  transplant  board  across  the  bed,  a  trench  whose  side  next 
the  board  is  vertical  is  excavated  along  its  edge,  each  man  of  the 
2-man  crew  covering  half  the  distance.  The  seedlings  are  threaded 
into  the  holes,  half  by  each  man;  the  loose  soil  is  then  drawn  in,  a 
portion  at  a  time,  and  packed  against  the  roots  until  the  trench  is 
filled  up  level.  To  draw  in  and  pack  the  soil  against  the  roots  a 
piece  of  inch  board  6  inches  wide  by  about  8  inches  long  is  efficient. 
The  transplant  board  is  disengaged  from  the  seedlings  by  a  tilting 
forward  and  backward  sliding  movement. 

The  board  is  next  placed  with  one  of  its  edges  flush  with  the  row 
of  seedlings  just  transplanted,  another  trench  is  dug  along  its  other 
edge,  and  the  operation  repeated.  A  mark  across  one  end  of  the 
board  is  kept  in  line  with  a  heavy  twine  stretched  along  the  edge  of 
the  bed,  which  is  thus  kept  practically  straight. 
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When  a  type  of  planting  board  like  the  "Mast  board"  is  used, 
the  process  of  transplanting  is  more  complex  in  that  the  operation 
is  performed  by  a  larger  crew,  usually  of  five  or  more  men,  and  each 
distinct  part  of  the  operation  is  performed  by  a  portion  of  the  crew 
assigned  to  it.  In  operations  at  the  Bessey  Nursery  two  men  are 
employed  in  threading  seedlings  into  each  of  the  transplant  boards, 
one  man  is  employed  in  trenching  with  the  hand  trencher,  and  two 
men  can  do  the  planting.  The  threading  is  usually  conducted  on 
benchesr  which  are  provided  with  canvas  or  burlap  tops  for  shade 
and  are  placed  as  close  as  possible  to  the  transplant  beds.  A  shelter 
of  some  sort  during  threading  operations  is  essential.  The  roots 
are  kept  moist  by  covering  them  with  damp  moss  until  placed  in  the 
boards  and  the  threaders  only  strive  to  keep  even  with  the  planters. 
To  have  several  threaded  boards  ahead  of  the  planters  means  ex- 
posure and  possible  damage  of  the  roots.  It  is  quite  generally  main- 
tained that  the  speed  of  transplanting  depends  upon  the  speed  of 
the  threaders;  accordingly,  men  who  are  nimble  with  their  fingers 
should  be  selected  for  this  operation. 

To  expedite  trenching,  from  3  to  5  beds  are  carried  forward  at  the 
same  time.  A  trench  is  made  in  the  first  bed,  then  in  the  second, 
then  in  the  third,  and  so  on,  the  man  making  the  trenches  in  each 
case  being  out  of  the  way  of  the  planters  who  follow  closely  behind 
him.  The  planters  in  their  turn  are  out  of  his  way  when  he  returns 
to  the  first  bed  to  make  the  next  trench  in  it.  A  cord  is  stretched 
across  the  ends  of  the  beds  to  be  planted,  so  that  the  first  row  of 
each  is  in  line  with  the  first  row  in  the  others.  The  successive  rows 
are  kept  equidistant  by  guide  boards  lying  between  each  two  beds 
on  which  lines  are  marked  at  intervals  of  6  inches.  Each  trench  is 
started  in  line  with  a  mark  on  the  board  at  one  side  of  the  bed  and 
is  finished  at  a  corresponding  mark  on  the  board  at  the  other  side. 

Two  men  can  work  together  to  advantage  with  planting  boards 
6  feet  wide  or  wider.  Upon  receiving  a  board  threaded  with  seed- 
lings the  planters  face  the  trench  and  lower  the  roots  into  it  with  a 
slight  swinging  lateral  movement  to  insure  their  assuming  a  natural 
hanging  position.  The  soil  in  front  of  the  board  is  then  thoroughly 
tamped  against  the  seedlings,  the  slat  holding  the  seedlings  in  place 
is  removed,  the  board  rotated  on  its  edge  toward  the  planters,  and 
the  soil  behind  the  seedlings  also  thoroughly  tamped  toward  them 
(PI.  XX).  By  lifting  the  board  now  the  seedlings  are  released  and 
the  operation  is  completed.  Immediately  after  each  day's  trans- 
planting operations  are  completed  the  beds  should  be  thoroughly 
watered.    Neglect  of  this  operation  has  caused  severe  losses. 

The  size  and  disposition  of  the  crew  may  be  varied  considerably 
to  meet  different  conditions.  Two  men  may  be  needed  for  trench- 
ing, particularly  if  the  soil  is  not  loose  in  character  or  if  spades  are 
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used  for  the  operation;  and  one  man  may  be  sufficient  for  planting. 
At  the  Sa venae  Nursery,  where  the  trenches  are  prepared  with  a  plow, 
two  men,  one  a  threader  and  the  other  a  planter,  comprise  the  crew. 
This  is  a  matter  to  be  determined  during  the  course  of  the  work. 

Pot  method. — Where  field  planting  is  of  doubtful  success  because 
of  extremely  trying  weather  conditions,  as  in  southern  California, 
or  where  summer  planting  appears  desirable,  as  in  Arizona  and  New 
Mexico,  the  method  of  growing  plants  first  in  seedling  fiats  >and  then 
transplanting  them  to  paper  pots  has  been  tried.  Both  plants  and 
pots  are  later  set  out  in  the  field.  The  method  of  transplanting  is 
simple.  Paper  pots  2  inches  square  by  8  or  10  inches  deep  are  the 
preferable  size  if  the  plants  are  to  be  left  in  them  for  1  year  only. 
If  they  are  to  be  left  for  2  years  a  pot  3  inches  square  by  8  or  10 
inches  should  be  used.  The  transplanting  is  carried  on  under  shade. 
Seedlings  are  removed  one  at  a  time  from  the  fiats  and  planted  in  the 
pots  in  the  same  manner  that  gardeners  employ  with  vegetable  or 
house  plants.  A  hole  is  made  with  a  dibble,  the  roots  inserted,  and 
the  soil  firmed  around  them.  Watering  follows  the  operation  of 
transplanting. 

This  method  of  transplanting  can  be  justified  only  where  it  is  cer- 
tain that  only  through  it  can  stock  be  made  to  succeed  under  adverse 
field  conditions,  and  further,  that  it  is  necessary  to  plant  where  such 
field  conditions  exist.  Such  transplanting  is  slow,  one  man  being 
able  to  prepare  soil  and  transplant  only  from  600  to  750  plants  per 
day-  The  pots  cost  about  $3  per  thousand.  Crates  to  hold  the  pots 
have  been  built  for  about  40  cents  each.  Until  experience  absolutely 
proves  the  superiority  of  such  plants,  this  method  of  transplanting 
should  not  be  practiced  extensively.  It  has  been  given  a  trial 
both  in  California  and  Arizona  nurseries.  At  the  latter  it  has  been 
abandoned  because  better  results  in  planting  have  not  been  secured 
with  the  stock.  At  the  former,  indications  are  that  snch  stock  may 
prove  the  most  successful. 

FACTOBS  AFFECTING  COST. 

A  number  of  factors  influence  the  cost  of  transplanting.  Size 
of  stock  is  one  of  these.  The  use  of  very  small  stock  may  materially 
increase  the  cost  of  the  operation.  Thus,  at  the  Boulder  Nursery  in 
1911  the  cost  of  transplanting  medium-sized  stock,  the  preferable 
size,  was  $1.10  per  thousand;  small  stock,  $1.35;  and  large  stock, 
$1.65.  Large  stock  often  necessitates  wider  spacing^  which  means 
the  digging  and  filling  of  more  trenches  to  accommodate  the  same 
number  of  seedlings,  and  small  stock  can  not  be  handled  rapidly. 
At  the  Fort  Bayard  Nursery  the  cost  of  transplanting  western 
yellow  pine  with  a  spacing  of  3  inches  in  the  rows  was  in  one  case 
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nearly  1.9  times  and  in  another  1.5  times  as  much  as  where  a  2-inch 
spacing  was  followed.  At  the  Wind  River  Nursery  the  crews  aver- 
aged 5,000,  3,800,  and  3,300  trees  per  man  per  day  when  1^,  2^,  and 
3  indi  spacings  in  the  row  were  used  respectively. 

On  poorly  prepared  or  heavy  soils  costs  will  be  greater  than  on 
well  prepared  or  loose  soils.  Thus,  at  the  old  Garden  City  Nursery, 
in  a  heavy  soil,  the  crews  averaged  3,000  plants  per  man  per  day,  while 
in  the  near-by  Kansas  Nursery,  whose  soil  is  a  pure  sand,  the 'aver- 
age was  4,000  per  man  per  day.  The  method  followed  in  transplant- 
ing, whether  by  the  dibble  or  by  one  of  the  various  forms  of  trans- 
plant boards,  will  influence  the  cost.  The  character  of  the  crew 
or  crews  will  also  be  a  factor.  Good  crews  sometimes  average  from 
one- fourth  to  one-half  more  plants  per  day  than  poor  ones. 

CABE  OF  TRANSPLANTS. 

In  the  transplant  beds  the  trees  are  given  their  final  preparation 
for  field  planting,  and  the  care  given  them  has  much  to  do  with 
their  success  under  field  conditions.  The  root  development  can  be 
controlled  somewhat  through  watering,  and  this  is  the  most  im- 
portant feature  of  transplant  growth.  Shading,  cultivation,  weed- 
ing, and  care  in  winter  need  some  attention. 

Watering. — ^Immediately  following  transplanting,  and  for  a  period 
of  3  weeks  thereaifter,  transplants  should  be  watered  liberally. 
During  this  period  the  plants  should  become  pretty  well  established 
and  start  growth.  Watering  can  then  be  decreased,  but  for  the 
greater  part  of  the  growing  season  the  soil  should  be  kept  fresh 
witiiin  a  short  distance  of  the  surface.  At  the  Monument  Nursery 
western  yellow  pine  at  first  requires  more  water  than  either  Engel- 
mann  spruce  or  Douglas  fir,  but  later  the  opposite  is  true.  Because 
the  roots  are  confined  to  a  small  amoimt  of  soil,  potted  transplants 
must  be  watered  more  frequently  than  those  in  beds. 

It  has  l)een  pretty  well  proved  that  in  a  soil  which  is  kept  fresh 
near  the  surface  there  will  be  a  good  lateral  development  of  the 
roots  in  this  zone,  and  that  such  stock  is  in  the  majority  of  cases  more 
suitable  for  field  planting  than  if  the  greatest  development  of  the 
root  system  occurs  at  the  lower  end.  In  digging  transplants  for 
transferring  to  the  field  the  lower  portion  of  the  roots  is  almost 
certain  to  be  ciit  or  broken  off.  The  result  is  that  when  a  plant 
whose  main  root  development  has  been  at  the  lower  end  is  placed  in 
its  new  habitat,  it  must  develop  new  feeders  before  it  can  fully 
avail  itself  of  the  water  and  plant  food  available.  It  is  desirable, 
therefore,  that  the  main  development  be  kept  within  the  first  8  to 
10  inches  of  depth,  and  watering  should  be  conducted  with  that  end 
in  view.    By  keeping  the  soil  of  the  transplant  beds  fresh  near  the 
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surface,  western  yellow-pine  stock  is  now  being  produced  in  Arizona, 
which  succeeds  when  planted  even  under  the  arid  conditions  obtain- 
ing in  that  country  during  the  spring  of  the  year.  This  success  is 
a  good  criterion  of  the  stock's  merit,  particularly  as  very  poor  results 
had  previously  been  obtained  from  field  planting  with  the  ordinary 
run  of  stock  without  pronounced  lateral  roots  developed  near  the 
surface.  Little  or  no  watering  for  the  purpose  of  hardening  the 
trees  to  the  conditions  which  obtain  in  the  field  has  not  yet,  in  Forest 
Service  operations,  produced  more  successful  stock  for  field  planting 
than  well-watered  stock.  At  the  Bessey  Nursery,  in  fact,  much 
-  better  results  have  been  secured  in  field  planting  with  stock  which 
was  watered  in  accordance  with  the  regular  nursery  operaticms  than 
with  that  which  was  not  watered  at  all. 

Any  of  the  methods  of  watering  applicable  for  seed  beds  may  be 
used,  but  i^rinkling  by  hand  with  a  hose  is  expensive  and  scarcely 
practicable.  Irrigation  or  the  use  of  garden  sprinklers  is  almost 
essential.  Because  of  the  large  size  of  the  transplants,  irrigation  is 
much  more  feasible  than  in  seed  beds,  and  because  of  its  rapidity  it 
is  a  method  which  should  always  be  given  consideration.  At  the 
Bessey  Nursery,  where  flooding  is  practiced,  the  transplant  area  is 
watered  in  sections.  Areas  of  one  or  more  beds  are  banked  up  with 
scmI  around  the  edge,  and  water  is  then  conveyed  to  them  from  the 
4-inch  main  pipe  line  through  large  canvas  irrigating  hose.  When 
one  section  becomes  flooded  the  hose  is  moved  to  the  next  one.  One 
acre  can  be  covered  in  six  hours.  At  the  Savenac  Nursery,  where 
ditch  irrigation  is  used,  the  water  is  controlled,  as  in  agricultural 
projects,  by  a  system  of  headgates  and  by  temporary  mud  dams  for 
diverting  it  from  one  ditch  to  another  (PI.  XXI).  On  steep  grades 
some  wooden  troughs,  with  small  holes  bored  through  at  intervals  to 
allow  the  water  to  escape  to  the  ditches,  are  employed.  It  is  claimed 
that  one  man  can  water  3  acres  per  day.  Ditch  irrigation  is  prac- 
ticed also  at  the  Fort  Bayard  Nursery.  There  a  system  of  galvanized- 
iron  troughs  to  carry  the  main  body  of  water  is  being  tried.  Oppo- 
site each  ditch  in  the  transplant  area  these  troughs  have  openings 
the  size  of  which  can  be  regulated  by  means  of  a  sliding  cap.  The 
amount  of  water  turned  into  each  ditch  can  be  controlled  easily  and 
absolutely. 

A  single  watering  by  any  method  should  be  thorough  enough  to 
soak  the  soil  to  a  depth  of  about  a  foot.  Experience  indicates  that  it 
may  ordinarily  be  conducted  at  any  time  of  the  day  without  injury 
to  the  plants,  except  at  the  Pilgrim  Creek  Nursery,  where  sprinkling 
is  practiced,  and  where  it  seems  to  be  necessary  to  water  bigtree 
(Sequoia  wasMngtoniana)  in  the  evening  rather  than  in  the  morning. 

Shading. — Shading  is  almost  wholy  unnecessary  in  transplant  beds, 
except  in  a  few  cases;  and  because  of  the  expense  involved,  if  for  no 
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other  reason,  it  is  decidedly  undesirable.  If  plans  will  permit  it, 
species  should  not  be  grown  at  a  nursery  where  it  is  necessary  to  give 
them  shade  during  the  transplant  stage.  Some  trees,  however,  such 
as  spruce,  true  firs,  redwood,  and  western  red  cedar,  have,  wherever 
grown  so  far,  appeared  to  need  shade  when  first  transplanted.  Doug- 
las fir  transplanted  when  only  1  year  old  has  shown  a  need  for  shade 
at  the  Beaver  Creek  Nursery  in  Utah,  at  the  Pocatello  Nursery  in 
Idaho,  and  at  the  Gallinas  Nursery  in  New  Mexico.  Engelmann 
spruce  transplants  do  better  if  shaded,  both  at  the  Monument  and 
Wind  River  Nurseries;  and  the  same  is  true  of  western  red  cedar 
at  Wind  Biver. 

Shading  of  transplants  is  expensive.  It  stimulates  height  growth, 
which  is  normally  undesirable  in  stock  for  field  planting,  and 
the  stock  produced  is  not  so  well  fitted  for  enduring  the  more 
trying  conditions  to  be  met  in  the  field  as  that  grown  in  full  sun- 
light. A  possible  exception  to  this  is  to  be  found  in  the  case  of  Doug- 
las fir  for  planting  under  aspen  in  Utah  and  southern  Idaho.  Here 
it  is  thought,  but  not  proved,  that  stock  shaded  in  the  transplant  beds 
may  be  preferable  for  field  planting. 

Cultivation  and  weeding. — Cultivation  serves  the  same  purpose  in 
transplant  beds  as  in  seed  beds;  that  is,  it  breaks  up  a  crusted  sur- 
face soil,  conserves  soil  moisture,  and  cuts  down  the  amount  of  weed- 
ing and  watering  necessary.  At  the  old  Garden  City  Nursery  only 
one-third  as  much  watering  was  necessary  with  cultivation  as  with- 
out it.  Cultivation  is  best  carried  on  as  soon  after  watering  as  a 
crust  begins  to  form  on  the  soil,  and  it  is  a  particularly  desirable 
operation  in  heavy  soils.  On  loose,  sandy  soils  it  is  not  so  essential, 
but  is  beneficial  even  there.  It  can  be  carried  on  rapidly  with  a 
wheel  cultivator,  by  the  use  of  an  ordinary  potato  hook  whose  center 
tine  is  cut  out,  or  by  some  other  similar  tool  which  straddles  the 
rows  (PI.  XXII). 

Weeding  should  be  done  as  often  as  is  necessary,  which  is  usually 
from  three  to  four  times  a  season.  Pulling  by  hand  is  the  most 
effective  method,  but  some  implements  are  good,  such  as  narrow 
hoes  or  tools  with  sharp  V-shaped  edges.  At  the  Wind  Biver 
Nursery  the  chief  weeds  are  brake  fern  and  blackberry  vines,  which 
can  not  be  pulled  very  well  without  damaging  the  trees.  They  are 
accordingly  cut  off  below  the  ground.  For  this  purpose  a  weed 
cutter  was  originated  from  one  of  the  straps  of  steel  which  reinforced 
the  shank  of  the  handle  of  a  worn-out  shovel.  This  short,  half- 
tubular,  curved  piece  of  steel  with  a  sharp  V-shaped  notch  filed  in 
the  end  of  it  was  riveted  to  the  end  of  a  broom  handle.  Experience 
has  shown  that  this  tool  is  very  well  adapted  to  the  work. 

Mulching  during  winter. — ^Transplants  in  general  need  no  atten- 
tion during  the  winter.    Occasionally  mulching  is  practiced  when 
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there  is  the  possibility  of  heaving  or  of  winterkilling,  but  after  a 
season's  growth  in  the  transplant  beds  the  stock  is  usually  so  well 
rooted  that  there  is  little  danger  from  the  former  source.  This  is 
particularly  true  in  nurseries  of  sandy  soils  and  in  those  where  the 
snowfall  comes  early  and  is  abundant  and  stays  until  fairly  late  in 
the  spring.  If  artificial  mulches  are  necessary,  the  same  ones  may 
be  used  as  in  the  seed  beds.  At  the  Gallinas,  Monument,  and  Con- 
verse Flats  Nurseries  mulching  of  transplant  beds  over  winter  is 
nec^sary. 

At  the  Monument  Nursery  a  light  covering  of  straw  held  in  place 
by  oak  brush  is  sufficient  for  western  yellow  pine.  For  Douglas  fir 
the  space  between  the  trees  is  filled  with  leaf  mulch,  after  which  a 
layer  of  lath  slatting  is  rolled  over  the  beds  to  bend  down  the  long 
shoots.  This  is  covered  with  a  thin  coat  of  leaf  mulch,  which  is 
held  in  place  by  oak  brush.  Engelmann  spruce  is  covered  with  leaf 
mulch,  which  is  held  in  place  by  brush.  Heavy  winter  winds  make 
mulching  necessary  at  this  .nursery.  At  the  Converse  Flats  Nursery 
mulching  is  necessary  to  prevent  heaving,  because  fall  transplanting 
is  practiced.  Pine  needles  are  distributed  between  the  rows  to  a 
depth  of  about  3  inches. 

HeighUj  in  inches,  of  different  classes  of  nursery  stock. 


Regkm  and  8p«cie8. 

- 

Class  of  stock. 

1-0 » 

1-1 

1-2 

2-0 

2-1 

2-2 

Rocky  Moantahi: 

P^udotsu^  taxifolia            

Inches. 

lto2 
ItoU 

lto3 
lito3 
ItoU 

lto3 

Jtof 

ito5 

2 

ito2 

2to4 
Uto2 
2  to  4 
2to3 

Indies. 

Inches. 

4 

Inehts. 
2  to  5 

Indies. 
2ito6 

Indies. 
5to6i 

Larix  oocidentaUs 

2to5 
5 

Pinos  divarkata 

15 

6 
2to5 

10 

Plnn«  mnnruyilik            _ 

4 
5  to  10 

4 

9 

Pfanu  pondenna 

Pioea  ongQlmanni 

2  to  4 

2to8 
Itoli 

etoio 

4  to  10 
2ito8 

1 

FtelfieCoasf: 

Pseadotsuga  taxifolia 

4to9 
2  to  4 
2to6 

AbJes  Dobflis 

6  to  10 

Abies  coiicok)r 

6to8 
2  to  8 
6to6 
2  to  4 
5 

Pinusjeflreyi 

4  to  7 
l|to3 
2  to  8 

0to8 

*"0toi2' 
9 

Pfntis  montio^A 

4to7 

I/ibocodrns  d<y!nrT«ns .  ^  r  r -  - 

1  Th«  first  figure  of  each  pair  indicates  number  of  years  stock  remains  in  seedbed;  second  figure,  the  num- 
hm  of  years  in  transplant  beds. 

LOSS  IN  TRANSPLANT  BEDS. 

Ijosses  in  transplant  beds  should  not  exceed  from  5  to  10  per  cent. 
They  are  often  greater,  but  they  can  be  reduced  to  a  minimum  by 
careful  transplanting,  the  choice  of  stock  of  the  right  age  and  size 
ior  transplanting,  grading,  care  in  taking  up  the  plants  so  as  not  to 
injure  the  roots,  keeping  the  roots  constantly  moist,  reducing  the 
time  betwe^i  lifting  and  transplanting,  little  or  no  root  trimming, 
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soaking  the  beds  thoroughly  immediately  after  transplanting,  and 
by  conducting  the  operation  as  early  in  the  spring  as  the  weather 
will  permit.  Losses  will  unquestionably  be  greater  with  some  species 
than  with  others.  Thus  sugar  pine  and  Arizona  cypress  have  been 
found  to  be  difficult  trees  to  transplant  without  rather  severe  losses. 

REMOVAL  OF  PLANTING  STOCK  FROM  NURSERY. 

DIGGING. 

As  far  as  possible,  stock  for  shipping  should  be  taken  up  as  pack- 
ing progresses.  The  transplants  are  dug  with  a  spade  or  horse- 
drawn  tree  diggers  in  the  same  manner  as  seedlings.  The  number 
which  can  be  dug  in  a  day  depends  upon  the  method,  the  size  of  the 
stock,  the  character  of  its  root  system,  the  nature  of  the  soil,  the 
weather,  and  the  spacing.  At  the  Wind  River  Nursery,  where  the 
soil  is  fairly  loose  and  the  spacing  1  to  1^  by  6  inches,  2  men  have 
dug  1-1  Douglas  fir  at  the  rate  of  40,000  per  day.  This  number  is 
large,  and  as  speed  is  conducive  to  carelessness  the  maintenance  of 
such  a  rate  should  not  be  attempted.  An  average  of  15,000  per 
day  for  2  men  digging  only  should  be  easily  possible,  making  the 
cost  of  the  operation  about  25  cents  per  thousand.  Where  grading 
and  counting  are  practiced  in  conjunction  with  digging,  the  rate  is 
decreased.  With  horse-drawn  tree  diggers  the  rate  can  be  increased 
one-half  or  more.  As  the  trees  are  removed  they  can  be  heeled  in 
right  back  of  the  diggers  and  afterwards  counted,  graded,  and 
bunched  under  cover  of  a  building,  or  these  operations  may  be  per- 
formed by  an  additional  man  as  fast  as  the  trees  are  lifted.  The 
bunches  of  each  class  of  stock  should  be  uniform  in  shape  and  size 
and  not  too  large,  and  should  contain  equal  numbers  of  plants,  ordi- 
narily from  25  of  the  larger  to  150  of  the  smaller  trees.  These 
bunches  are  tied  loosely,  and  then  heeled  in  if  packing  is  not  being 
carried  on  at  the  same  time.  If  the  weather  is  very  dry  while  count- 
ing is  in  progress,  the  roots  should  be  sheltered  and  immediately 
covered  with  damp  soil,  burlap,  or  moss  as  soon  as  they  are  bundled. 

GRADING. 

Grading  stock  requires  about  twice  as  much  time  as  when  extra 
plants  are  included  to  make  up  for  the  average  number  of  culls  per 
bunch.  The  time  saved  by  this  latter  method  may  be  worth  decidedly 
more  than  the  value  of  the  extra  trees  which  might  be  included  in  a 
diipment  through  error  in  overestimating  the  number  of  culls.  One 
man  can  count,  bundle,  and  tie  on  an  average  about  12,000  trees  per 
day,  making  the  cost  approximately  21  cents  per  thousand.  Whei^ 
close  grading  is  considered  essential,  as  in  Arizona  and  New  Mexico, 
it  can  be  conducted  more  effectively  at  a  nursery  than  by  a  planting 
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crew,  and  ihe  culls  should  accordingly  be  discarded  before  fe&ipping. 
Where  dose  grading  is  not  considered  necessary,  as  in  the  Pacific 
Ncnthwest,  strict  counting  of  the  stock  as  it  is  dug  may  not  be  essen- 
tiaL  At  tiie  Wind  Eiver  Nursery  the  practice  is  followed  of  esti- 
mating doeely  the  stoek  in  eiM^  transplant  bed  and  supplying  definite 
amounts  for  shii^nent  ftirm  tiiese  estimates.  This  practice  has  been 
largely  responsible  for  reducing  the  cost  of  distribution  from  $1.81 
to  $0,865  p^  thousand. 

PACDNCL 

The  general  practice  in  Forest  S^*vice  nurseries  is  to  tie  the  trees 
in  small  bunches.  In  this  shape  they  are  easier  to  handle  botii  at 
the  nursery  and  at  the  planting  site^  and  it  has  been  thought  that 
they  with^iand  better  the  rough  treatment  incident  to  shipping  and 
to  packing  on  horses.  That  this  bunching  is  unnecessary  is  shown 
by  experience  at  the  Monument  Nursery.  Here  packing  is  conducted 
in  the  usual  manner,  except  that  the  trees  are  spread  out  in  thin  suc- 
ceBsive  layers.  Moss  can  better  come  in  contact  witii  all  roots  than 
where  the  trees  are  bundled,  and  trees  packed  thus  have  witiistood 
shipment  for  long  distances  and  arriyed  in  good  condition. 

Hie  main  points  to  be  given  consideration  in  packing  for  shipment 
are  to  minimize  the  possibility  of  the  roots  drying  out  and  the  tops 
heating  while  en  route.  To  avoid  this,  the  plants  are  shipped  in  open 
crate-like  boxes  whidi  provide  ample  ventilation  for  the  tops;  and 
damp  moss,  preferably  sphagnum  because  it  holds  moisture  best,  is 
packed  around  the  roots.  At  the  Savenac  Nursery,  the  sawdust  from 
a  shingle  mill  has  been  found  very  satisfactory  for  packing.  Trees 
are  usually  placed  in  the  crates  in  tiers,  the  tops  of  one  tier  toward 
one  end  of  the  box  and  the  tope  of  the  next  tier  toward  the  opposite 
end,  tiie  roots  of  the  successive  layers  overlapping.  A  strip  of  moist 
burlap  as  wide  as  the  space  covered  by  the  roots  of  the  plants  should 
be  spread  in  the  bottom  and  extend  up  along  the  center  of  both  sides 
of  the  crate.  On  this  a  layer  of  damp,  well-drained  moss  is  placed 
and  then  the  first  tier  of  transplants.  Another  layer  of  moss  is  now 
placed  over  these  roots  and  chinked  in  between  them,  but  none  is 
placed  upon  the  foliage  of  the  trees.  Then  another  tier  of  trees  is 
placed  on  the  moss,  and  the  process  continued  until  the  crate  is  filled. 
Care  must  be  taken  not  to  pack  the  crowns  too  tightly  or  to  get  them 
w^  as  either  may  induce  heating.  JLi  the  roots  are  packed  as  firmly 
as  they  ehould  be,  the  t(^s  may  be  too  tightly  together.  To  oi^rcome 
this  difficulty  it  is  sometimes  desirable  to  place  moist  strips  of  bur- 
lap among  tihe  roots  next  to  the  moss.  This  will  enlarge  the  space 
tiiat  Uiey  would  naturaUy  occupy  and  serve  to  keep  the  crowns 
68186*— BolL  479—17 5 
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farther  apai!t  When  ihe  crate  is  filled,  moas  should  be  placed  upon 
and  damp  burlap  stretched  over  the  roots  ol  the  top  tier,  and  the  top 
of  the  crat^  nailed  on.  When  ready  for  diipment,  the  trees  should 
be  packed  solidly  enough  so  that  they  will  not  jar  or  shake  around. 
If  they  are  to  undergo  especially  trying  conditicms  while  en  route, 
each  separate  bundle  may  be  bound  in  damjp  moss  and  this  wrapped 
with  a  layer  of  damp  burlap.  Trees  packed  in  ways  very  similar  to 
this  have  been  shipped  from  California  to  Hawaii^  and  have  been  on 
the  road  for  a  month,  yet  arrived  at  their  destination  in  perfect  con- 
dition. Packing  should  be  intrusted  only  to  careful  and  conscientious 
men  who  can  be  supervised  or  who  have  had  previous  experience. 
Cured  moss  is  very  likely  to  heat  wh^i  packed  closely  and  thus  bum 
ihe  roots  of  the  planting  stock  and  kill  or  seriously  injure  it 

PACKINO  CBATES« 

The  general  type  of  packing  box  in  use  at  Forest  Service  nurseries 
has  a  solid  bottcmi  and  ends  of  seven-eighths-inch  material  and  sides 
and  top  of  three-eighth-inch  slatting.  At  the  Fort  Bayard  Nursery 
both  ends  and  sides  are  made  of  laUi  slatting.  At  the  Monument  and 
Bessey  Nurseries  the  lath  slatting  formerly  used  on  high  shade 
frames  is  used  in  one  continuous  strip  for  bottom,  sides,  and  top  of 
the  crates.  In  assembling  crates,  it  has  been  found  at  the  Pilgrim 
Creek  Nursery  that  cement-covered  box  nails  hold  better  than  others. 
The  essential  point  about  packing  crates  is  tliat  they  be  cheap,  light, 
strong,  easily  assembled,  well  ventilated,  and  of  a  size  suitable  for 
packing  on  a  horse,  which  means  that  when  filled  they  should  not 
weigh  over  75  or  100  pounds. 

'  For  local  shipments  the  Monument  Nursery  has  adopted  woven 
wire,  cylindrical  crates  of  two  sizes,  one  2  feet  6  inches  in  diameter 
by  1  foot  6  inches  deep  and  another  2  feet  in  diameter  by  2  feet  deep 

(PL  II).  One  end  of  the  cylinder  is  removable  to  permit  packing. 
The  stock  is  packed  with  the  tops  to  the  outside  and  the  roots  to  the 
center  around  a  strong  iron  rod  which  runs  longitudinally  up  throu^ 
the  center  of  the  crate.  When  filled,  the  top  is  put  on  and  clamped 
in  place  by  means  of  a  washer  and  nut  on  the  end  of  the  rod  as  it 
projects  through  the  top.  This  crate  has  Bome  advantages  over 
wooden  ones.  It  is  exceedingly  strong,  the  trees  can  be  packed  more 
rapidly,  in  better  shape,  with  less  moss,  and  much  more  cheaply  than 
with  the  oUier  style  of  crate,  and  ventilation  of  the  tops  is  about  per- 
fect. On  the  other  hand,  those  in  use  cost  $7  each  and  are  very 
heavy,  which  makes  the  cost  of  shipping  and  Uieir  return  high;  and 
they  require  considerable  space  for  storage. 
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Packing  boxes  of  £pnice  24  inches  long  by  14  inches  wide  by  15 
inches  deep  cost  the  Wind  Biver  Nursery  29  c^its  each  knocked 
down,  and  about  6  cents  each  to  assemble  at  the  nursery.  Boxes  of 
this  fflze  fit  nicely  into  an  ordinary  wagon  box,  weigh  approximately 
75  pounds  when  filled,  and  are  a  convenient  size  for  packing  on  a 
horse. 

At  the  Cottonwood  Nursery  boxes  or  crates  12  inches  by  14  inches 
by  2|  or  3  feet  are  used*  The  8-foot  size  will  hold  20,000  2-0  Douglas 
fir,  7,600  2-1  Douglas  fir,  10,000  1-0  yellow  pine,  or  6,250  1-1  yellow 
pine;  the  2-foot  size  will  hold  20  per  cent  less.  A  16  by  16  by  24  inch 
crate  at  the  Pilgrim  Creek  Nursery  holds  800  1-2  western  yellow 
pine,  1,000  1-1  bigtree,  1,250  1-1  western  yellow  pine,  or  1,500  1-2 
sugar  pine  or  1-1  incense  cedar. 

At  the  Savenac  Nursery  the  trees  are  rolled  in  a  strip  of  burlap 
for  shipping.  The  device  for  making  the  rolls  is  somewhat  on  the 
<N^r  of  a  shingle-weaving  machine.  Two  6-foot  lengths  of  lath 
yam  fastened  by  means  of  poultry  netting  staples  to  two  wooden 
cleats  (the  cleats  18  inches  apart  and  the  two  lengths  of  lath  yam  12 
imdies  apart)  2  feet  long  are  first  placed  in  the  bottom  of  the  packer. 
A  strip  of  burlap  6  feet  long  and  21  inches  wide  Is  placed  over  the 
lath  yam  and  cleats,  and  over  the  burlap  is  laid  a  6-foot  sheet  of  18- 
inch  "  butcher's"  wrapping  paper.  The  bunches  of  trees,  after  being 
moderately  root  pruned,  are  then  Jaid  in  the  packer  in  two  tiers,  roots 
to  the  center,  each  layer  being  well  packed  in  wet  shingle  tow.  When 
the  container  is  full,  the  ends  of  paper  and  burlap  are  drawn  to- 
gether at  the  top  and  the  ends  of  the  burlap  are  wrapped  around  a 
good  hard  strip  of  wood  (tamarack  1  inch  by  2  inches  by  2  feet). 
The  ends  of  this  stick  extends  about  2  inches  beyond  the  edges  of  the 
burlap.  On  these  uncovered  ends  a  grip  is  secured  by  means  of  a 
Icmg  tool — ^16  inches — similar  to  a  wagon  hammer.  With  this  pur- 
diase  the  burlap  can  be  twisted  as  tight  as  its  tearing  resistance  will 
permit.  When  the  burlap  has  been  drawn  tight  this  wrenching  tool 
is  held  in  position  by  means  of  a  catch  on  the  packer  and  the  hands 
are  free  to  tie  the  bundle  with  the  lath  yam.  This  completes  the 
operation.  The  front  side  of  the  packer  is  let  down  and  the  bundle 
taken  out  (Pis.  XXI  and  XXII).  The  burlap  strips  are  saved  in 
the  field  and  at  the  close  of  the  season  shipped  back  to  the  nursery. 

Aside  from  a  considerable  lowering  of  the  cost,  a  number  of  otiier 
advantages  are  claimed  for  this  method;  the  number  of  trees  per 
bundle  can  be  varied;  one  man  can  pack  approximately  one-half 
million  trees  per  day;  the  bundles  are  easy  to  handle;  they  will  not 
break  when  thrown  around ;  and  they  make  a  better  pack  for  pack 
hones. 
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In  these  bundles  the  trees  stand  transportation  well  and  they  do 
not  heat  or  dry  out  readily.  Packed  in  this  manner^  they  have  been 
left  in  a  warm  place  for  6  days  and  were  co<^  and  ndst  wben  tbe 
bundle  was  opened. 

SHIPPING. 

Because  of  the  danger  which  accompanies  delays  en  route  of 
growth  starting,  of  drying  out,  of  heating,  or  of  holding  up  planting 
operations,  shipments  of  nursery  stock  should  preferably  be  by 
express ;  or,  if  the  packages  are  small,  by  mail.  Shipments  by  freight 
are  much  cheaper,  and  for  distances  up  to  300  miles  have  proved  very 
satisfactory  in  California.  Special  arrangements  can  sometimes  be 
made  with  freight  agents  to  put  a  shipment  through  promptly,  btrt 
the  risk  is  greater  than  with  express  shipments.  Shipm^ts  are 
liable  to  be  delayed  under  the  best  of  conditions,  because  express  or 
railroad  officers  do  not  always  realize  the  necessity  of  prompt  de- 
livery. To  avoid  this,  it  is  believed  best  for  the  dhdpper  to  indicate 
plainly  on  the  outside  of  each  crate  that  the  contents  are  ^perish- 
able," that  they  contain  "live  plants"  the  "prompt  delivery"  of 
which  is  "  necessary,"  or  some  similar  phrase.  Night  ^ipments  are 
preferable  to  day  shipments. 

DISEASES  AND  INJURIES  IN  NURSBmT. 

DAMPING-OFF. 

Damping-off  is  a  source  of  great  danger  to  young  seedlipg&  This 
disease  is  most  commonly  caused  by  one  of  three  fungi,  Pythi%mh 
hebaryamjmh  Hesse,  Rhizoctonia  sp.,  and  Fusarium  sp.,  and  its  pres- 
ence in  a  bed  is  indicated  in  a  very  characteristic  manner.  The  stems 
of  seedlings  attacked  exhibit  a  rather  dirty,  watery,  or  rott^i  appear- 
ance at  the  surface  of  the  ground  and  for  a  quarter  of  an  indi  or 
more  upward.  The  stems  become  flaccid  and  limp  in  this  section, 
and  the  seedlings  topple  over  unless  they  are  held  up  by  surrounding 
plants.  There  is  no  recovery.  Seedlings  are  most  susceptible  to 
danger  from  this  source  during  a  period  of  from  3  to  6  weeks  fol- 
lowing germination,  and  some  species  are  more  susceptible  than 
others.  The  seedling  may  even  be  attacked  before  it  appears  above 
the  ground* 
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Fig.  2.— Bundle  Tightened  and  Ready  for  Tying. 
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FiQ.  1.— Type  of  Packing  Crate  in  Use  at  Wind  River  Nursery. 

Fifty  thouaand  western  white  pine  |>acked  for  shipment,  Savenac  Nursery. 


FiQ.  2.— Types  of  Shipping  Crates  Used  at  Monument  Nursery— Wooden  for 
Shipping  Long  Distances,  Wire  for  Short  Distances. 
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At  nearly  all  Forest  Service  nurseries  damping-off  has  not  been 
particularly  virulent,  whether  because  of  properties  of  the  soil  or 
not  is  unknown.  When  it  has  appeared,  ^e  most  general  method 
practiced  for  its  control  has  been  simply  to  expose  the  beds  to  full 
sunli^t  and,  where  practicable,  to  stir  tiie  surface  soil.  The  spread 
of  the  fungi  is  promoted  by  damp,  warm  soil  and  weather,  although 
Bhizoctonia  and  Pythium  attack  seedlings  even  in  rather  cool,  damp 
weather.  The  effect  both  of  exposing  the  soil  to  the  sun^s  rays 
and  of  stirring  or  cultivating  it  is  to  dry  it  out  and  thus  produce  a 
condition  unfavorable  to  the  further  development  and  spread  of  the 
fungi. 

An  efllective  method  of  control  has  been  worked  out  by  Hartley  ^ 
and  Pierce  at  a  number  of  nurseries.  At  the  Bessey  Nursery, 
where  damping-off  has  at  times  been  very  serious,  commercial  sul- 
phuric acid  is  applied  to  the  beds  immediately  after  the  seeds  are 

^Hartley,  Cari,  and  Pierce,  Ray  G.     "Control  of  Dampteg-ofr  of  Gottlferoaa  Seed- 
U.  &  D.  A.  BnL  No.  4G8. 
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sown  and  covered  at  the  rate  of  three-sixteenths  of  a  fluid  ounce  in 
solution  with  1  quart  of  water  to  the  square  foot  of  seed-bed  sur- 
face. This  acid  applied  at  the  rate  designated  has  been  found  very 
efficient.  When  acid  is  used  seed  beds  must  be  kept  well  moistened 
during  the  germination  period.  Neglect  of  this  results  in  concen- 
tration of  the  acid  in  the  surface  soil  through  capillary  rise  of  the 
solution,  and  the  growing  apex  of  the  radicles  of  the  germinating 
seed  are  killed,  which  may  result  in  the  death  of  the  plants.  For 
some  other  nurseries  different  amounts  of  acid  were  found  success- 
ful; at  a  good  many  places  it  was  found  unnecessary  to  take 
any  special  precautions  in  the  way  of  extra  watering  in  the  acid- 
treated  beds.  The  results  obtained  from  this  treatment  are  in 
accord  with  what  has  been  found  true  elsewhere,  that  damping-off 
is  much  less  prevalent  in  soils  of  an  acid  than  in  those  of  a  weakly 
alkaline  reaction.  Experiments  at  the  Vermont  Agricultural  Ex- 
periment Statioji^  indicate  that  damping-off  is  likely  to  be  less 
serious  in  beds  to  which  there  has  been  applied  a  well-rotted  compost 
of  hc-Lv/  manure  and  muck.  Such  an  application  will  imdoubtedly 
tend  to  make  the  soil  more  acidic  in  its  nature  and  thus  antagonistic 
to  the  development  of  the  fungus. 

In  addition  to  checking  damping-off  effectively,  acid  treatment  at 
the  Bessey  Nursery  has  resulted  in  the  production  of  stock  that  aver- 
ages fully  an  inch  higher  than  nonacid-treated  stock.  At  this  nursery 
another  feature  of  the  acid  treatment  is  that  it  seems  to  kill  the  weed 
seed  and  very  greatly  reduces  the  cost  of  weeding  thereby.  During 
1912  the  cost  of  weeding  acid  beds  was  $0.0044,  while  the  cost  of  non- 
treated  beds  was  $0.0125  per  square  foot.'  The  extra  cost  of  acid 
treatpient  was  $0,005  per  square  foot.  The  total  cost  of  acid  and 
weeding  was  therefore  $0.0094  per  square  foot,  as  compared  to 
$0.0125  for  weeding  only  of  nontreated  beds.  Thus  the  saving  in 
the  cost  of  weeding  at  least  fully  offsets  the  increase  in  cost  due  to 
acid  treatment. 

A  1  per  cent  formaldehyde  solution  applied  at  the  rate  of  three- 
fourths  of  a  gallon  per  square  foot  about  a  week  before  the  seed 
is  sown  has  been  shown  ^  to  be  very  effective  in  preventing  damping- 
off,  but  it  is  known  that  formaldehyde  may  kill  seed  which  is  still 
dormant.  On  the  whole,  the  experience  with  formaldehyde  at  most 
Forest  Service  nurseries  has  not  been  as  satisfactory  as  with  acid. 
The  formaldehyde,  especially  with  sandy  soils,  must  be  applied  two 
or  three  weeks  before  seed  are  sown  in  order  to  avoid  killing  them. 

^Gifford.  C.  M.  '*Tbe  DampiBg-off  of  Conlfemcms  8e«filiif».*'  Tt.  JLgr.  Exp.  8t«.. 
Bui.  157. 

*Co8t  of  acid  treatment  will  be  temporarily  higher  during  the  European  war  on  ac- 
count of  increased  price  of  add. 
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However,  it  has  the  advantage  of  never  making  neoeasary  epeoial 
watering  after  tl^  seed  are  sown. 

At  the  Monnment  Nursery  hot  dry  soil  sprinkled  over  and  worked 
into  the  soil  of  an  affected  area  has  proved  quite  effective  in  checking 
damping-off. 

Sowing  at  certain  seasons  as  a  preventive  of  damping-off  is  indi- 
cated by  the  experience  of  some  nurseries.  Western  ydlow  pine  and 
Dou^as  fir  at  the  Boulder,  western  yellow  pine  at  the  Savenac, 
and  Douglas  fir  at  the  Wind  Kiver  suffer  the  most  severe  losses, 
and  jack  pine  at  the  Bessey  Nursery  suffers  least,  when  the  sowing 
is  done  in  the  f  alL 

WnfTER  MOLDINa 

A  type  of  injury  which  has  proved  serious  only  at  the  Cottonwood 
Nursery  is  due  to  molding.  Molding  is  caused  by  heavy  accumula- 
tions of  snowfall  remaining  on  the  nursery  area  longer  in  the  spring 
than  normal.  When  the  snow  goes  off  the  plants  are  found  pressed 
down  flat  upon  the  ground,  with  foliage  brown  or  black  and  moldy. 
In  some  cases  the  stems  remain  green  and  the  plants  recover,  but 
usuaUy  the  plants  succumb  mtirely.  Norway,  Engelmann,  and  blue 
fipruce  have  never  suffered  very  heavily,  particularly  after  the  stock 
has  passed  its  first  year.  Douglas  fir  is  the  worst  affected  species  and 
suffers  most  in  1-0  and  2-0  stock.  Western  yellow  pine  has  never 
been  much  affected  as  seedling  stock,  but  losses  have  occurred  in  the 
1-2  transplant  beds.  No  effective  preventive  is  known  for  this  at 
present.  Douglas  fir  suffers  less  severely  in  drill-sown  than  in 
broadcast-sown  seed  beds. 

WIND  INJUBT. 

Wind  may  whip,  break,  and  dry  up  plants,  or  in  loose  soils  drift 
the  soil  over  them.  Windl»*eiaks  of  some  bushy  shrub  or  tree  or  of 
artificial  construction  are  the  most  efficient  remedy. 

SUMMBB  DBOUOHt  INJUBT. 

Summer  drought  injury^  is  a  physiological  trouble  rather  than  one 
due  to  fungi.  It  is  caused  by"  an  insufficient  amount  of  water  or  shade ; 
is  evidenced  by  the  dying  of  the  roots,  a  yellowing  or  browning  of 
tile  tops,  and  the  final  death  of  the  plants  and  is  most  usual  during 
the  hot,  dry  months  of  summer.  It  has  often  been  called  simply  blight 
and,  until  recent  investigations  by  Mr.  Hartley,  was  thought  to  be  due 
to  fungL  Summer  drought  injury  has  caused  considerable  damage 
at  the  Bessey  Nursery  and  is  more  likely  to  be  a  source  of  danger  at 
a  nursery  where  the  soil  is  loose  and  subject  to  very  rapid  drying 

*  For  fall  discussion,  see  Bultotln  of  the  United  State*  DefMirtment  of  Agriculture  No.  44, 
*'Tbe  BUght  of  Coniferous  Nursery  Stock,'*  bj  Carl  HarUey,  of  tbe  Bureau  ot  Plant 
ladostry. 
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out  than  at  one  with  a  heavier,  more  retentire  soiL  It  is  also  likely 
to  be  more  serious  with  shade  and  moisture  loving  species,  such  as 
spruce  and  western  red  cedar,  than  with  such  drought-resistant 
species  as  western  yellow  pine.  As  the  absorbing  portions  of  the 
roots  die  at  the  same  time  or  even  just  preceding  the  time  of  yellow- 
ing of  the  leaves,  it  is  important  that  the  trees  nev^  be  allowed  to 
reach  this  stage.  Recovery  is  then  doubtf  uL  The  remedy  is  obviouB. 
Excessive  crowding  in  seed  or  transplant  beds  should  be  avoided ; 
the  soil  should  be  kept  fresh  at  all  times  aft^  the  damping-off 
period  has  passed;  exceptionally  heavy  watering  should  be  prac- 
ticed during  periods  of  particularly  drying  or  hot  weather;  and 
shade  should  be  supplied  if  necessary. 

A  type  of  injury  similar  to  summer  drought  injury  but  rather 
uncommon  may  be  caused  by  an  excess  of  water.  This  makes  itself 
evident  by  the  yellowing  and  final  death  of  the  plants.  Recovery 
from  this  is  claimed  to  be  slower  and  even  more  doubtful  than  frtnn 
sun  scorch. 

WINTBKKILLING.1 

Winterkilling  produces  a  condition  in  plants  very  similar  to  that 
of  sun  scorch  and  physiologically  is  due  to  the  same  cause;  that  ifi, 
the  inability  gf  the  roots  to  furnish  moisture  to  the  tops  as  fast  as 
it  is  lost  by  transpiration  during  periods  of  severe,  trying  weather. 
Winterkilling  differs  from  sun  scorch,  however,  in  that  it  occurs 
during  the  winter,  and  it  is  not  necessarily  due  to  insuffici^it  water 
in  the  soil  but  rather  to  the  fact  that  the  water  is  frozen  and  thus 
not  available  to  the  plant.  Periods  of  strong  winds  or  of  bright, 
warm  days  during  the  winter  when  the  ground  is  frozen  are  most 
likely  to  cause  winterkilling.  Sometimes  only  a  portion  of  the  top 
of  the  plants  is  injured.  This  is  especially  likely  to  occur  with  any 
portion  which  protrudes  above  a  snow  covering.  Mulching  is  the 
preventive  for  this  type  of  injury. 

raosTO. 

Losses  from  killing  frosts  are  infrequaat  but  usually  extensive 
when  they  do  take  place.  This  is  due  to  th»  relatively  few  species 
growing  in  any  one  nursery  and  the  large  number  of  plants  which 
happen  to  be  in  the  same  class  aAd  in,  a  like  susoeptiUe  conditi<m. .  If 
seed  is  obtained  in  localities  which  have  a^elimate. similar  to  that  of 
the  nurseries,  if  it  is  sown  ^  as  to*  give  the  trees  thi^  ben^t  of  the  full 
growing  seascm,  and  if  growth  is  not  stimulated  too  late  in  summer 
through  watering  and  cultivating,  no  further  measures  are  required 
to  prevent  frost-killing  under  normal  conditions.    But  additional 

1  For  fBll  dlscofsloii,  see  Bi]]]«ttii  ©f  tlie  United  States  Department  of  Agricnltnre  No,  44, 
*'  The  Bllgbt  of  Coniferous  Nursery  Stock,"  lyy  Carl  Hartley,  of  the  Bureau  of  Plant 
Industry. 
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si&gaards  are  necessary  to  prevent  losses  resulting  from  unusual 
conditions. 

In  cases  wh^a  the  slope  of  tlie  ground  permits  and  where  a  supply 
of  water  k  avaikblei  heavy  flooding  of  the  beds  wiU  prevent  frost 
damage*  The  temperature  of  the  water  is  usually  above  that  of  the 
air  and  it  does  not  cool  so  rapidly.  A  considerable  quantity  of  wild 
meadow  hi^  spread  over  the  beds  will  prevent  frost  injury  as  well 
as  rapid  thawing  in  ease  freezing  has  already  taken  place.  The 
method  followed  ia  orchards  of  building  a  smudge  may  be  used. 
Either  wood  or  hay  will  serve  the  purpose^  and  smaU  piles  will  have 
to  be  distributed  in  the  paths  throu^iout  the  nursery.  Bmphasis 
must  be  laid  upon  the  need  of  anticipating  ihB  danger,  of  preparing 
for  it,  and  taking  action  whm  the  danger  is  most  imminent.  Heavy 
frosts  can  generally  be  foreseen  the  evening  before  and  the  local 
Weather  Bureau  can  doubtless  notify  the  man  in  charge  when  there 
is  *any  real  danger.  Thermostat  alarms  may  also  be  provided.  If 
proper  precautions  are  tahen^  wholesale  losses  can  be  prevented  even 
Uiough  the  plants  are  tender  and  the  frost  heavy.  Losses  from  frost 
have  not  in  general  been  heavy  at  Forest  Service  nurseries.  At  the 
Savenac  Nursery  1-0  western  ydlow  pine,  Douglas  fir,  and  Engel- 
mann  spruce;  at  the  Monument,  Douglas  fir  and  Engelmann  spruce; 
at  the  Pocatello,  1-0  western  yellow  pine  not  under  shade  frames; 
at  the  Wasatch,  2-0  Douglas  fir;  and  at  the  Boulder,  1-0  Douglas  fir 
have  been  injured  to  some  extent;  while  at  the  Wind  Biver  spring- 
sown  seedlings  of  noble  fir  were  badly  injured  by  a  late  frost.  At  the 
Beaver  Creek  Nursery  mulching  with  ripe  timothy  hay  effectually 
prevented  frost  damage,  but  resulted  in  the  production  of  a  heavy 
crop  of  hay,  which  vastly  increased  the  unount  of  weeding  neces- 
sary in  the  nursery. 

msacvs. 

The  principal  insect  damage  which  has  been  noted  in  the  nurseries 
of  the  National  Forests  thus  far  has  been  due  to  cutworms,  white 
grubs,  grasshoppers,  aphids,  and  pine-tip  moths.  The  following 
information  regarding  life  histories  and  habits  of  these  insects  and 
the  general  methods  of  combating  them  has  been  furnished  by  the 
Bureau  of  Entomology,  which  investigates  insects  affecting  forest 
and  shade  trees  and  hardy  shrubs,  including  forest  nurseries. 

CUTWOBMS.* 

Cutwmns  are  the  larvae  or  caterpillars  of  night-flying  moths  and 
BQBwtiBies  are  destructive  to  young  seedlings,  cutting  them  off  at  or 

*Fiar  further  lafonaatlOB  on  cutworms  and  tlwtr  control,  see  tT.  S.  Dept  Agr.  Farmers' 
BaUetlii  788. 
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near  the  surface  of  the  soil.  They  feed  at  night,  concealing  them- 
selves in  the  soil  or  under  rubbish  during  the  day.  Scratching  the 
soil  about  an  injured  plant  to  a  depth  of  one  or  possibly  two  inches 
usually  reveals  the  worms,  and  this  method  of  hand  destruction  of 
the  larvee  may  be  practiced  in  small  areas  where  the  infestation  ia 
scattering. 

Cutworms  may  be  destroyed  also  by  means  of  a  poisoned  bait 
prepared  and  applied  as  follows:  Mix  50  pounds  of  bran  with  4 
poimds  of  lead  arsenate  and  2  gallons  of  low-grade  molasses  until 
the  mass  is  made  into  a  stiff  dough.  The  chopped  oranges  or  lemons 
mentioned  in  the  bulletin  referred  to  (see  footnote)  are  not  always 
essential,  but  the  molasses  is  absolutely  so.  In  semiarid  regions  it 
is  advisable  to  add  water  to  prevent  rapid  desiccation  and  to  dis- 
tribute the  bait  toward  evening.  About  a  tablespoonful  of  the  bait 
should  be  placed  every  foot  or  two  along  the  nursery  row.  In  case 
of  migration  from  an  adjoining  field,  the  nursery  may  be  protected 
by  running  a  narrow  band  of  the  poisoned  bait  entirely  around  the 
edge  or  along  the  side  nearest  the  source  of  infestation.  A  ditch 
constructed  around  the  Savenac  Nursery  proved  somewhat  effective 
in  trapping  some  of  these  larvee  which  were  migrating  from  an  ad- 
jacent clover  field. 


White  grubs,  the  larv©  or  young  of  beetles  commonly  known  as 
May  beetles  or  **  June  bugs,"  are  often  a  serious  menace  to  nursery 
stock,  especially  conifers,  injuring  or  killing  the  seedlings  and 
transplants  by  cutting  off  the  smaller  and  girdling  the  larger  root& 
Most  of  the  May  beetles  have  a  three-year  life  cycle,  and  except  the 
one  or  two  months  (usually  May  and  June)  during  which  the  beetles 
appear  above  groimd  to  mate  and  feed,  this  entire  period  is  spent 
undergroimd,  and  two  years  of  the  three  are  spent  in  the  grub  stage. 
In  the  extreme  northern  limits  of  the  United  States,  that  is,  in 
northern  Wisconsin  and  Minnesota,  where  the  grubs  are  important 
enemies  of  conifer  seedlings  and  transplants,  this  insect  has  a  four- 
year  cycle,  due  to  the  shorter  seasons.  The  grubs  occur  at  various 
depths  in  the  soil,  and  their  proximity  to  the  surface  is  largely 
dependent  on  the  temperature  and  moisture  conditions.  They  are 
found  deeper  during  the  winter  months  and  more  often  quite  near 
the  surface  in  early  falL  Plowing  or  cultivating  the  soil  at  this 
time,  therefore,  is  of  value,  especially  if  done  the  year  following  the 
most  severe  summer  injury,  which  would  be  the  season  the  insects 
are  transforming  from  grubs  to  beetles,  at  which  time  disturbances 

^For  farther  infonnatlon  on  these  iniecti^  we  U.  S.  Dept  Agr.  Farmert*  Bvlletin 
643. 


Digitized  by 


Google 


KXTBSBBT  PRACTICE  ON  THE  NATIONAL  FORESTS.  75 

an  usaally  fatal  to  them*  The  value  of  plowing  or  cultivating  a 
field  is  greatly  enhanced  if  i>oiiltry  have  the  run  of  the  field  and 
are  encouraged  to  forage  during  these  periods.  Each  locality 
Qsoally  has  one  brood  predominating,  and  the  history  of  the  brood 
ihould  be  learned,  thus  permitting  the  praftices  of  persistent  hand 
collecting  of  the  grubs  and  beetles,  spraying  trees  whose  foliage 
18  fitvorite  food  of  the  beetles  witii  an  arsenical  during  the  flight 
of  the  beetles,  and  careful  tilling  of  the  land  to  prevent  grass  and 
weeds  frcmi  miJdng  a  growUi  during  such  flight,  all  of  which  are 
helpful  expedients. 

OBABSHOPPEBS.* 

Grasshoppers  are  often  a  serious  menace  in  nurseries,  and  have 
been  so  at  the  old  Garden  City  and  the  Page  Creek  Nurseries.  The 
best  poison  remedies  recommended  against  these  insects  are  the 
poisoned-bran  bait,  described  above,  and  the  modified  Criddle  mix- 
tore.  The  latter  id  prepared  as  follows:  Fresh  horse  droppings, 
one-half  barrel;  lead  arsenate,  2  pounds;  finely  chopped  oranges  or 
kmonsy  6  to  8  fruits,  all  thoroughly  mixed.  For  protection  against 
tiieee  insects  the  bait  is  best  distributed  broadcast  over  the  nursery, 
and  especially  around  the  outer  borders  or  open  side,  as  circum- 
stances may  dictate.  Fine  screens  around  the  seed  beds  and  a  brood 
of  chickens  at  Trapper  Creek  have  proved  more  effective  than  any- 
thing else  tried. 

APHUM. 

Under  certain  climatic  conditions  aphids  are  apt  to  appear  in 
greater  or  lesser  numbers  and  do  a  corresponding  amount  of  dam- 
age. These  insects  feed  by  sucking  the  sap  of  the  plants,  thus 
diecking  their  growth  and  lowering  their  vitality.  A  woolly  aphid 
has  seriously  damaged  Jeffrey,  western  yellow,  and  Austrian  pines 
at  the  Converse  Flats  Nursery,  and  was  worse  on  the  first-named 
species.  Kerosene  emulsion  is  one  of  the  standard  remedies  and 
is  especially  effective  if  applied  early  in  the  spring,  before  the 
insects  have  multiplied  excessively  and  the  woolly  species  have  cov- 
ered themselves. 

Kerosene  emulmon  is  prepared  as  follows:  Take  2  gallons  of 
kerosene,  one-half  pound  of  laundry  or  fish-oil  soap,  and  1  gallon 
of  water;  dissolve  the  soap  in  hot  water,  remove  the  solution  from 
the  fire,  promptly  add  the  kerosene,  and  agitate  the  mixture  vig- 
orously for  about  5  minutes  until  it  becomes  creamy— an  emulsion. 
A  most  effective  way  of  agitating  the  mixture  is  to  pump  it  back 

>For  fnvtber  InformatloD  on  the  habits  of  these  insects  and  methods  of  control,  see 
U.  S.  Dept  Agr.  Farmers*  Bulletin  747. 
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into  the  original  container  for  several  minutes.  To  avoid  boiling, 
a  naphtha  soap  may  be  used,  but  the  quantity  of  soap  must  be 
doubled  and  the  water  must  be  soft  (rain  water).  This  is  the 
stock  solution  and  it  must  be  diluted  with  water  before  using,  thus : 
To  each  2  gallons  of  wttter  add  1  gallon  of  the  emuLnon  in  the  fall, 
and  <»ie-third  of  a  gallon  of  emulsion  in  the  q^riag.  The  siu  of 
the  spraying  apparatus  will  have  to  be  determined  by  the  siae  of 
the  nursery.  In  most  of  them  a  knapsaek  sprayer  will  probably 
be  most  satisfactory.  Using  potash  soaps  and  warm  solutions^  well 
strained,  will  prevent  clogging  of  nozzles. 

The  other  standard  aphid  remedy  is  40  per  cent  nicotine  sulphate, 
1  part  in  1,000  to  2,000  parts  of  water,  with  fish-oil  or  laundry  soap 
added  at  the  rate  of  1  pound  for  each  50  gallons  of  the  flpray 
mixture. 

FINE-TIP   HOTK. 

A  pine-tip  moth  has  been  injuring  the  western  yellow  pine  at  the 
Bessey  Nursery,  Nebraska,  since  1909.  The  small  larva  efiectUAlly 
kill  the  succulent  growing  tips  of  these  trees  by  boring  into  themu 
On  account  of  the  extensive  distribution  of  the  insect  in  the  planta- 
tions adjoining  the  nursery,  no  effective  practical  remedy  has  as  yet 
been  worked  out. 

emns. 

Mourning  doves,  juncos,  the  Canada  jay,  the  blue  jay,  the  red- 
polled  linnet,  and  the  black-headed  grosbeak  do  some  damage  at  the 
Forest  Service  nurseries  by  scratching  up  the  seed  or  nipping  off 
the  tops  of  newly  sprouted  seedlings  to  which  the  seed  coat  is  still 
attached.  They  are  held  in  check  either  by  poisoning  with  grain 
prepared  in  the  same  way  as  for  mice  or  by  shooting. 


BODBNTS. 


Bodents  damage  pla 
in  the  seed  beds,  by  di 
by  girdling  the  stems, 
the  winter.  The  whit 
gophers,  and  moles  an 
and  to  some  extent  aj 
afford  very  good  prot 
effective  against  mice 
oughly  distributed  o^ 
nursery,  imder  old  logs 
other  likely  retreat  fo 
during  spring  or  early 
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mals  (seed  and  berries)  ripens.  Where  mice  work  under  a  mulch 
and  giJxQe  nursery  stock  during  the  winter,  the  scattering  of  water- 
proof poisoned  wheat  throu^^out  and  under  the  mulch  has  been 
foimd  effective  in  destroying  them  at  the  Monument  Nursery.  This 
but  is  prepared  as  follows,  in  aocwdanoe  with  Cirenlar  78  of  the 
Biological  Survey: 

Wheat 1  buflbel. 

TaUow-^ . 1  quart 

Saccbartne^ . 2  teaapooofala. 

Strychnia  (polverized) 2  ouoceB. 

The  wheat  should  be  slightly  warmed,  the  saccharine  and  strych- 
nia added,  and  the  whole  stirred  thoroughly,  and  then  the  melted 
taOow  applied. 

Mice  and  chipmunks  are  also  destroyed  by  sinking  large  cans  to 
the  level  of  the  ground,  partly  filling  tfaem  widi  water,  and  distribut- 
ing seed  (HI  its  surface.  In  attempting  to  secure  the  seed  the 
rodents  fall  into  the  water  and  are  drowned.  About  700  were  de- 
stroyed in  this  manner  at  the  Pocatello  Kursery  in  one  season. 
Small  baited  spring  traps  placed  near  or  upon  the  seed  beds  are  quite 
effeetive  in  destroying  mioe. 

At  the  old  Ghtrien  City  Nunsery  poisoned  com  proved  effective 
against  kangaroo  rats.  At  the  Fort  Bayard  and  the  Pilgrim  Creek 
Nurseries  gophers  are  successfully  combated  by  the  use  of  gopher 
traps.  At  the  Pilgrim  Creek  Nursery  moles  are  effectively  oon- 
trolled  by  trapping.  CarUde  fumes  were  tried  for  driving  out  mc^es 
at  the  Page  Creek  Nursery,  but  were  not  effective.  At  the  Converse 
Flats  Nursery  potato  parings  at  the  rate  of  one-half  bushel  to  1  ounce 
of  strychnia  (alkaloid)  and  1  teaspoonful  of  saccharine  are  used  to 
destroy  digger  squirrels.  The  parings  are  distributed  in  the  burrows 
of  th«»e  aninuds.  At  tJik  nursery  poisoned  cracklings  are  found 
effective  against  chipmunks.  This  is  prepared  in  accordance  with 
the  formula  in  Circular  82  of  the  Biological  Survey,  as  follows : 

Coarse  crackling  meal • I  quart 

Strychnine  (alkaloid) 30  grams  (i^  ounce). 

Gbop  lard  craddings  (Med  down  suet)  to  coarse  meal  (oontaining  chunks 
one^iovrtli  lo  one-half  incA  sifuare).  Slowly  sprinkle  with  the  powdered 
stryebnlne  and  mix  constantly  to  distribute  U  erenly.  Add  one*fourth  quart 
of  fine  cradcUag  meal  and  ndx  weU  to  cover  the  strychnine  and  disguise  its 
bitter  taste. 

For  some  of  the  latest  methods  developed  for  combating  rodents 
the  Forest  Service  is  indebted  to  Mr.  S.  E.  Piper,  of  the  Biological 
Survey.   These  are  as  follows: 

Mix  1  heaping  tablespoonfnl  of  fi^oes  starch  In  one-half  teacup  of  cold  water 
and  stir  wJth  1  pint  of  boiling  water  to  make  a  thin,  clear  mucUage.    Remove 

1  Saccharine  la  not  esientlal. 
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from  the  Btove.  Mix  together  1  ounce  of  powdered  strychnine  (alkaloid)*  and 
1  ounce  of  powdered  bicarbonate  of  soda  and  stir  with  the  starch  to  a  smooth* 
creamy  mass.  Stir  in  1  tablespoonful  of  glycerine  and  finally  one-eighth  ounce 
of  saccharine.  Apply  to  20  quarts  of  good,  dean  oats  or  wheat  and  mix  thor- 
oughly to  coat  each  kernel. 

This  poison  Is  effective  In  destroying  chipmunks,  kangaroo  rats,*  pocket  mice, 
the  smaller  species  of  ground  squirrels,  and  at  times  kills  white-footed  mice. 

Oats  are  generally  the  most  successful  bait  On  account  of  the  skill  of  chip- 
munks in  "hulling,"  wheat  is  more  effective  for  these  animals.  Barley,  In 
the  proportion  of  16  quarts  to  each  ounce  of  strychnine,  has  given  best  results 
In  destroying  the  larger  '*  digger  "  ground  squirrels  and  is  most  effective  during 
the  dry  summer  season. 

There  is  another  process  of  applying  the  poison  which  is  an  Inq^rovement 
over  that  Just  described,  in  that  it  delays  the  taste  of  strychnine,  the  Intense 
bitterness  of  which  is  the  greatest  factor  detracting  from  success  In  poisoning 
certain  rodents.  This  poison  has  been  used  with  great  effect  against  rodents 
which  have  hitherto  exhibited  marked  aversion  to  strychnine  baits.  The  fact 
that  the  poison  coating  readily  separates  from  the  bait  Is  also  of  Importance 
to  the  success  of  this  preparation,  especially  for  auch  rodents  as  habitually 
"  hull "  grain.  In  the  process  of  hulling  sufficient  strychnine  to  kill  flakea  off 
In  the  animals*  mouths.  Grain  poisoned  in  this  way  must  be  handled  care- 
fully to  avoid  loosening  or  grinding  off  the  poison  coating.  It  should  be 
freshly  prepared  In  small  quantities,  for  use  each  day,  as  follows: 

Mix  together  one-fourth  ounce  of  powdered  strychnine  alkaloid,  one-fbiurth 
ounce  of  powdered  bicarbonate  of  soda,  a  scant  one-half  treasoonfnl  of  saccha- 
rine, two  heaping  tablespoonfuls  of  dry  powdered  starch ;  stir  with  enough  cold 
water  to  make  a  thin  paste  of  the  consistency  of  cream.  Apply  gradually  to  the 
material  to  be  used  as  bait,  mixing  vigorously  to  distribute  the  poison  as  evenly 
as  may  be  and  to  prevent  the  formation  of  lumps. 

Oats,  wheat,  cracked  com,  and  dry  coarse  meals  of  all  kinds  may  be  eo 
poisoned.  For  ground  squirrels,  chipmunks,  and  mediumHsixed  rodents  gen- 
erally, one-fourth  ounce  of  strychnine  Is  sufficient  for  4  quarts  of  l^t;  but 
for  white-footed  mice  the  amount  of  bait  may  be  doubled.  Among  baits  espe- 
cially attractive  to  the  latter  animals  may  be  mentioned  pine  seeds  (both 
whole  and  craved  seeds  worth  trial),  roasted  peanuts  crushed  to  a  coarse 
meal<  crushed  wheat,  and  mixtures  of  crushed  or  chopped  grains. 

Poisoned  baits  of  sweet  potato  almost  Invariably  kill  podwt  gophers  If 
placed  in  the  underground  runs  without  too  much  disturbance  of  the  latter. 
Baits  of  carrot  or  parsnip  may  be  substituted,  or  corn,  poisoned  as  in  the  first 
formula  described,  but  none  of  these  are  so  completely  successful  as  sweet 
potatoes. 

The  baits  of  vegetables  should  be  cut  about  1  inch  long  and  one-half  ln<^ 
square  and  washed  and  drained.  Frcmi  a  pepperbox  slowly  sift  one-eighth  ounce 
of  powdered  strychnine  (alkaloid)  and  one-tenth  of  this  quantity  of  sacdiarlne 
(ground  together  In  a  mortar)  over  about  4  quarts  of  the  dampened  baits, 
stirring  to  distribute  the  poison  evenly. 

The  runways,  which  are  usually  4  to  8  Inches  b«ieath  the  surface,  caa  be 
located  by  means  of  a  probe  made  of  any  strong  handle  an  Inch  In  diameter 
and  d6  inches  long.    One  end  should  be  bluntly  pointed.    Into  the  other  should 

be  fitted  a  piece  of  three-eighths  inch  iron  rod,  protruding  about  12  Inches  and 

■ 
>  If  strychnine  sulphate  is  nsed,  dissolve  in  the  boUing  water  before  adding  the  atarcb : 
also  dissolve  the  bicarbonate  of  soda  before  adding  to  the  poisoned  starch.    Care  te  necee- 
sary  that  the  resulting  mixtnre  does  not  greatly  exceed  a  pint 
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bluntly  pointed.  A  foot  rest  aids  In  probing  hard  soils.  By  forcing  down  this 
Iron  rod  near  gopher  workings  or  a  foot  or  two  back  of  fresh  mounds  the  <^pen 
tnnnel  can  be  felt  as  the  point  breaks  Into  It  The  blunt  end  of  the  Instrument 
Is  now  carefully  used  to  enlarge  the  hole,  a  bait  or  two  Is  dropped  Into  the 
mn,  and  the  probe  hole  dosed. 

Baits  need  to  be  placed  at  only  two  points  In  each  sqwrate  system  or  group 
of  10  to  SO  mounds,  which  Is  usually  the  home  of  a  single  gopher.  In  our 
experience  baits  placed  in  open  underground  runs  have  luTarlably  killed  the 
gophers.    The  method  has  found  great  favor  wherever  It  has  been  Introduced. 

At  the  Ck)nverse  Nursery,  In  California,  wood  rats,  or  **pack"  rats 
{Neoioma),  have  been  found  responsible  for  a  considerable  part  of  the  damage 
to  transplants  usually  ascribed  to  rabbits. 

Wood  rats  eat  little  or  nothing  of  the  trees  they  cut,  but  carry  the  green 
tips  Into  their  nests  to  store  away.  These  animals  are  rarely  killed  by  any 
of  the  baits  which  have  been  described,  thoui^  they  pack  away  such  baits 
readily  enough.  Effective  results  have  been  obtained  by  dusting  baits  liberally 
with  finely  powdered  strychnine,  as  the  rats  are  killed  in  packing  tbem.  Dry 
oatmeal  biscuits  one-half  inch  square  and  one-fourth  inch  thick,  cut  from  a 
stiff  dou^  of  oatmeal  and  water,  after  rolling  it  In  sheets,  have  proved  to  be 
especially  successful  baits.    Raisins  and  whole  com  may  also  be  used. 

Though  both  cottontails  and  jack  rabbits  fall  victims  to  poisoned  oats  during 
periods  when  their  natural  food  is  scarce,  this  poison  can  not  always  be  relied 
upon  to  destroy  them  when  It  Is  most  Important  to  check  their  depredations. 
Green  or  ripening  grain  heads  of  barley  or  wheat  are  among  the  most  attractive 
baits  in  summer.  Soaked  for  48  hours  or  more  in  a  solution  of  1  ounce  of 
strydmlne  sulphate  and  one-eighth  ounce  of  sacdiarine  In  2  gallons  of  water, 
such  baits  have  occasionally  proved  very  successful.  They  should  be  used 
only  In  locations  whore  live  stock  is  npt  endangered. 

FERTILIZERS.' 

The  character  of  soil  preferable  for  a  nursery  has  been  described, 
but  such  soils  are  not  always  to  be  found.  Continuous  raising  of 
crops  of  trees,  moreover,  will  eventually  deplete  even  the  best  soils 
of  the  chemical  constituents  most  essential  for  plant  growth.  It 
wiU  also  impair  their  physical  qualities.  Improvement  of  the  soil 
by  fertilization  will  accordingly  be  necessary.  According  to  in- 
vestigations by  von  Schroeder,*  the  average  quantity  of  nitrogen, 
potassium,  and  phosphoric  acid  (the  three  most  essential  plant  foods) 
needed  in  one  year  by  1  to  3  year  old  spruce  is  about  equal  to  the 
amount  absorbed  from  the  soil  by  a  crop  of  com,  potatoes,  or  meadow 
hay.  The  physical  and  chemical  qualities  of  a  soil  may  be  improved 
throng  the  addition  of  manure,  leaf  mold,  compost,  or  marl,  and 
chemical  fertilizers.  Some  of  the  chemical  fertilizers,  however, 
rapidly  pass  into  solution  and  have  no  appreciable  effect  upon  the 
physical  quality  of  the  soil. 

1  The  infoniiAtlo&  dted  in  regard  to  fertilisers  is  taken,  but  not  wholly  verbatim,  from 
**  Die  Pflamenmcht  Im  Walde,**  by  Dr.  Herman  von  Fnrst,  and  represents  the  views  of 
German  nurserymen. 

*  **  Tharandter  Forstliches  Jarbnch/'  1893-04. 
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Two  classes  of  fertilizers  may  be  distinguished :  "  Complete "  fer- 
tilizers, which  contain  all  the  important  elements  necessary  for  plant 
growth,  and  ^incomplete''  fertilizers,  which  furnish  only  one  or 
more  of  these  elements. 

COMPLBTB  PBBTIUZBB8. 

Stall  manure,  consisting  of  the  animal  excrement  and  the  litter  on 
which  it  is  foimd,  is  a  very  effective  fertilizer,  not  only  because  it 
contains  the  most  essential  plant  foods — ^nitrogen,  potassium,  and 
phosphoric  acid — ^but  because  it  improves  the  physical  qualities  of 
the  soil  and  by  numerous  microorganisms  increases  its  activity  and 
fermentation.  Shwp  and  hcN-se  manure  are  richest  and  decompose 
rapidly.  Cattle  manure  decomposes  less  rapidly.  The  former  is  best 
for  application  to  compact,  the  latter  to  loose  soil.  As  manure  is  not 
usually  to  be  had  in  sufficient  quantities  at  a  nursery  and  is  often 
difficult  and  expensive  to  obtain,  it  is  frequently  used  in  compost 

Where  humus  can  be  obtained  it  has-been  found  to  be  excellent, 
both  as  a  fertilizer  and  for  its  effect  in  improving  the  physical 
quality  of  the  soil. 

The  value  of  compost  as  a  fertilizer  is  decided  by  the  material 
entering  into  it  and  the  treatment  given  compost  heaps.  Organic 
substances  of  every  kind  may  be  used  for  this — ^weeds,  raw  humus, 
turf,  and  even  street  sweepings.  To  this  material  is  added  quick- 
lime for  more  rapid  decomposition  and  horse  manure  in  layers. 
Ashes  may  also  be  used  to  strengthen  it.  Weeds  hoed  from  the 
nursery  may  be  used  alone  for  compost.  In  such  cases'  it  is  neces- 
sary to  mix  them  in  thin  layers  with  quicklime,  allow  the  heaps  to 
remain  imtouched  for  some  time,  and  then  stir  repeatedly.  When 
thoroughly  decomposed  it  is  ready  for  use. 

One  of  the  German  head  foresters  gives  the  following  formula 
for  making  good  compost:  The  first  layer,  about  ^  inch  tiiidc  of 
organic  substances,  grass,  heather,  weeds,  sawdust,  etc.,  is  sprinkled 
with  a  thin  layer  of  unslaked  lime,  then  another  layer  of  grass  and 
weeds  is  added,  then  a  layer  of  lime,  etc.  In  this  manner  it  is  heaped 
up  like  charcoal  but  shaped  broader  and  lower  so  as  to  catch  the 
rain,  and  then  covered  on  all  sides  with  carefully  crushed  earth. 
The  slaking  of  the  lime  begins  after  a  t&w  days  and  in  from  2  to  4 
days  later  is  completed.  During  this  time  the  heaps  should  be 
examined  twice  a  day  and  all  crevices  in  the  earth  covering  closed  in 
order  to  keep  the  heat,  steam,  and  ammonia  from  escaping.  After 
from  4  to  6  weeks  the  material  is  ready  for  use. 
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INCOMPLETE  FERTILIZERS. 

WOOD  ASHES. 

With  the  exception  of  nitrogen,  which  is  lost  during  the  process 
of  burning,  wood  ashes  contain  all  the  nourishing  substances,  pot- 
ash, lime,. phosphoric  acid,  magnesia,  and  sulphuric  acid,  in  a  form 
capable  of  absorption.  Wood  ashes  may  accordingly  be  added  to  the 
list  of  fertilizers  for  general  use.  The  quantity  of  these  elements, 
particularly  phosphoric  acid  and  potash,  contained  in  the  ashes 
varies  with  the  species,  the  ash  of  hardwoods  being  much  richer  in 
such  material  than  that  of  conifers.  In  sandy  soil  care  must  be 
taken  in  using  wood  ashes,  because  such  soil  is  not  capable  of  much 
absorption.  The  use  of  such  a  strong  fertilizer  has  an  unfavorable 
effect,  because  it  furnishes  the  roots  with  too  much  carbonate  of 
potash,  which  acts  as  an  alkali ;  on  the  other  hand,  its  use  on  clayey 
humic  soil  is  very  favorable.  Pure  wood  ashes,  however,  are  seldom 
used  but  are  generally  mixed  with  compost;  their  use  deserves  all 
the  more  consideration,  as  they  can  usually  be  obtained  at  little 
expense  by  burning  the  brush  around  the  nursery  or  by  utilizing 
the  wood  ashes  from  the  stoves  of  the  nursery  buildings. 

NITBOOEI?  FEBTILIZEBS.  . 

Nitrate  of  soda  NaNOg  (Chili  saltpeter)  contains  15  or  16  per 
cent  of  nitrogen,  is  easily  dissolved  by  water,  and  quickly  distributed. 
It  has  a  quick  and  decisive  effect,  but  the  portion  not  absorbed  at 
once  by  the  plants  quickly  sinks  to  the  subsoil  and  may  be  lost.  Its 
best  use  is  for  intermediate  fertilizing — that  is,  the  fertilization  of 
beds  in  which  after  the  growing  season  has  started  the  plants  appear 
unhealthy  and  the  cause  is  apparently  due  to  lack  of  nitrogen. 

A  somewhat  better  commercial  nitrogen  fertilizer  for  forest  tree 
nurseries  is  ammonium  sulphate  (NH4)2S04,  obtained  from  the 
refuse  in  gas  manufactories  where  the  ammonia  produced  is  fixed  by 
sulphuric  acid;  the  white  salts  contain  about  21  per  cent  of  nitrogen, 
which  is  only  effective  after  being  changed  into  nitrates.  A  simul- 
taneous fertilization  with  lime  or  carbonate  of  lime  should  be 
avoided,  as  in  such  a  case  by  decomposition  of  the  salts  the  ammonia 
becomes  ineffective  and  evaporates. 

Blood  powder  or  blood  guano,  made  from  the  blood  of  slaughtered 
animals  mixed  with  powdered  lime,  contains  from  10  to  12  per  cent 
of  nitrogen  and  from  1  to  2  per  cent  of  phosphoric  acid.  Horn  pow- 
der made  from  the  refuse  of  horns,  hoofs,  and  hair,  groimd  and 
eSlSe**— BuU.  479—17 6 
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dampened^  contains  from  10  to  12  per  cent  of  nitrogen  and  from.  5  to 
6  per  cent  of  phosphoric  acid.  Both  of  theUe  substances  act  rapidly. 

POTASH  FEimLIZEBS. 

For  the  introduction  of  potash  two  salts,  kainite  and  carnal- 
lite  are  good.  These  salts  contain  sulphuric  acid  and  magnesia  in 
addition  to  potash.  Their  use,  especially  that  of  the  kainite,  must  be 
watched  carefully,  as  the  chloride  easily  corrodes  the  plants,  so  that 
too  great  a  quantity  should  be  avoided,  especially  directly  before 
sowing  or  transplanting.  Disregard  of  such  precautions  may  lead 
to  the  total  destruction  of  the  plants.  The  most  practical  metiiod  is 
to  mix  the  kainite  in  the  compost  heaps  with  the  addition  of  lime, 
thus  neutralizing  the  effects  of  any  chlorine  that  may  be  liberated. 

PHOSPHORIC  ACn>  FBBTHJZEBS. 

BoUQ  meal  and  Thomas  meal,  also  known  as  Thomas  slag  or  basic 
slag,  may  be  used  to  supply  the  soil  with  phosphoric  acid.  Crude 
dry  bone  meal  contains  from  20  to  22  per  cent  phosphoric  acid  and 
from  4  to  6  per  cent  nitrogen.  Thomas  meal,  a  by-product  in  the 
manufacture  of  steel,  which  is  more  generally  used  in  Eurc^)ean  nur- 
series, contains  from  11  to  23  per  cent  of  phosphoric  acid  and  from 
38  to  30  per  cent  of  lime,  besides  iron,  manganese,  silicic  add,  and 
magnesia.  Possible  damage  may  arise  from  the  use  of  Thomas  meal 
if  it  is  applied  just  previous  to  planting  the  beds. 

LIMB  FEBTILIZEB8. 

Lime  is  not  only  an  important  plant  substance  found  in  all  plant 
ashes,  but  it  has  an  important  influence  on  the  soil;  it  hastens  the 
disintegration  as  well  as  the  decomposition  of  the  organic  sub- 
stances, neutralizes  the  free  acids  which  may  be  injurious  to  the 
plants,  such  as  humic  and  phosphoric,  and  makes  the  soil  loose  and 
friable.  Some  of  the  other  fertilizers  mentioned,  bone  dust  and 
Thomas  meal,  contain  lime,  but  with  soil  very  deficient  in  lime  a 
heavier  addition  may  be  necessary.  For  this  purpose  burnt  lime, 
carbonate  of  lime,  or  marl  may  be  used. 

The  burnt  or  unslaked  lime  is  the  most  effective  form.  It  contains 
from  90  to  95  per  cent  of  lime  and  is  generally  used  as  part  of  a 
compost.  It  may  also  be  placed  directly  on  the  ground  in  small 
heaps  and  then  slaked  by  pouring  over  it  one-third  its  weight  in' 
water  and  covering  with  a  layer  of  earth  3  or  4  inches  thick.  In 
24  hours  it  will  change  to  a  fine  powder  and  should  then  be  spread 
around  and  worked  into  the  soil. 

The  carbonate  of  lime  is  a  natural  product  and  is  simply  applied 
in  a  pulverized  state.    When  mixed  with  sand  and  clay  it  forms  marl, 
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1  sobstanoe  which  is  often  found  naturally  in  large  beds  and  which 
can  be  applied  directly  as  a  fertilizer.-  It  is  an  especially  good  mate- 
rial to  add  to  light,  sandy  soil,  on  account  of  the  clay  contained. 

GBBEN  yKJtTTT.TCTenjit. 

The  use  of  green  fertilizer  is  the  easiest  and  perhaps  the  cheapest 
method  of  supplying  soils  with  nitrogen,  and  as  it  adds  humus  it 
improves  their  physical  quality  as  well.  The  method  consists  in  the 
raising  of  rapid-growing  herbaceous  plants  and  plowing  them  imder 
before  the  stems  become  woody.  The  leguminous  plants  are  pre- 
ferred for  this  purpose.  They  have  the  ability,  with  the  aid  of  the 
microorganisms  in  the  soil  to  assimilate  the  free  nitrogen  of  the  air 
and  store  it  in  the  root  tubercles.  A  number  of  plants  may  be  used, 
among  which  are  the  lupines,  yellow  lupine  in  particular,  different 
kinds  of  vetch,  field  peas,  cowpeas,  beans,  soy  beans,  dwarf  beans, 
frijoles,  and  serradilla.  Engler  found  that  on  all  soil  rich  in  lime 
field  peas  and  cowpeas  furnish  the  richest  fertilization;  on  rather 
moist  soil  with  little  lime  the  yellow  lupine  is  the  most  suitable; 
vetch  is  suitable  only  for  heavy  and  compact  soil  and  furnishes  a 
cheap  but  not  so  rich  a  fertilizer;  in  high  localities  with  rigorous 
climate  and  later  sowing  the  field  pea  is  recommended.  Cowpeas 
are  the  most  expensive,  but  they  produce  the  greatest'  volume  and, 
on  account  of  tibeir  strong  root  development,  are  especially  to  be 
recommended  for  rough,  hard  soil  or  for  soil  which  has  long  lain 
fallow. 

Vigorous  growth  of  leguminous  plants  and  the  assimilation  by 
them  of  free  nitrogen  is  dependent  upon  the  presence  in  the  soil  of 
certain  fungi  which  live  in  a  symbiotic  relation  with  the  plants. 
When  such  fungi  are  not  present — their  absence  is  indicated  by  the 
poor  growth  of  the  plants — ^they  must  be  introduced.  This  is  ac- 
ocmiplished  by  the  so-called  inoculation  of  the  soil.  Surface  soil 
from  other  fields  where  legumes  have  grown  in  a  flourishing  manner 
18  collected  and  sown  over  the  new  area  at  the  rate  of  about  100 
pounds  per  acre.  The  same  result  can  also  be  secured  by  the  use  of 
inoculating  fluids,  with  which  the  seed  are  moistened. 

CHOICE  OF  FERTILIZERS. 

If  only  the  chemical  qualities  of  the  soil  need  improvement  chem- 
ical fertilizers  may  be  introduced,  but  if  the  physical  qualities  need 
improvement  the  addition  of  humus  will  be  necessary.  The  chemical 
fertilizers  necessary  can  best  be  determined  by  experiment.  Analyses 
of  soil  are  inconvenient  and  expensive  and  give  only  temporary 
results,  because  the  contents  of  the  soil  change  with  each  year's 
production  of  plants.    It  is  preferable  not  to  use  fertilizers  which 
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contain  only  one  of  the  desirable  elements.  However,  if  this  is  neces- 
sary, it  should  be  remembered  that  the  growing  of  cover  crops  is  the 
most  inexpensive  way  of  introducing  nitrogwi ;  that  phosphoric  acid 
can  be  introduced  by  the  use  of  Thomas  meal  and  bone  meal,  both 
of  which  also  add  lime  to  the  soil ;  and  that  potash  is  most  cheaply 
introduced  by  the  use  of  kainites. 

Commercial  fertilizers  (with  the  exception  of  those  containing 
lime)  do  not  improve  the  texture  of  the  soil  to  any  extent,  and  lime 
does  not  improve  loose  soils;  commercial  fertilizer  is  rather  rapid  in 
its  action,  making  it  preferable  where  quick  effects  are  wanted,  but 
is  likely  to  be  quickly  lost  through  leaching  out;  it  is  expensive  and 
sometimes  difficult  to  obtain;  and  some  of  it  contains  only  one  or 
two  of  the  elements  essential  to  plant  growth.  Manure  is  also  often 
difficult  and  expensive  to  obtain  in  sufficient  quantities;  if  mixed 
with  much  litter  not  well  decomposed  it  is  likely  to  cause  drying  out 
of  the  beds;  and  it  does  not  give  such  immediate  results.  On  the 
other  hand,  it  does  not  leach  out  rapidly,  it  improves  the  texture  of 
both  heavy  and  light  soils,  and  it  furnishes  several  of  the  elements 
which  are  essential  to  plant  growth. 

In  choosing  fertilizers  the  absorption  capacity  of  the  soil  must 
also  be  considered.  This  is  much  greater  in  fine  and  clayey  than  in 
sandy  soil;  in  the  latter  there  is  always  danger  of  any  sdluble  sub- 
stance, such  as  saltpeter,  being  washed  out.  In  such  cases  the  nitro- 
gen is  best  furnished  by  green  fertilizing  and  stall  manure,  and 
lime  by  carbonate  of  lime  instead  of  unslaked  lime. 

TIBffE  ASH  BfETHOD  OF  INTRODUCING  FERTILIZES8. 

Inferior  soil,  even  before  the  first  crop  is  grown,  should  be  fer- 
tilized. Fertilizer  should  be  applied  at  a  time  when  it  will  prove 
most  beneficial  to  the  plants.  Stable  manure  which  has  not  been 
well  rotted  should  be  applied  the  fall  or  winter  previous  to  the 
spring  planting.  Such  manure  can  be  used  just  before  sowing  or 
planting  if  it  is  turned  far  enough  under  the  soil  so  that  it  will  not 
come  in  contact  with  the  roots.  Compost,  bone  meal,  and  slaked 
lime  or  carbonate  of  lime  may  be  applied  just  previous  to  the  sowrng 
or  planting  of  the  beds..  Thomas  meal,  kainite,  and  camallite  should 
be  applied  the  previous  autumn,  or  the  last  two  in  the  spring  just 
before  sowing  or  transplantirtg,  if  used  only  in  small  qusudtities. 
Chili  saltpeter  should  be  scattered  on  the  groimd  and  worked  in 
between  the  rows  after  the  seed  has  sprouted,  because  it  dissolves 
easily  and  is  carried  quickly  into  the  soil  by  rain.  The  other 
fertilizers  mentioned  should  be  well  mixed  with  the  soil  which  makes 
up  the  root  zone.  It  is  better  not  to  fertilize  too  deeply  in  order 
to  encourage  lateral  development  of  the  roots  rather  than  develop- 
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ment  in  depth.  The  application  of  too  great  a  quantity  of  fertilizer 
is  not  to  be  recommended.  Aside  from  the  expense  it  is  likely  to 
be  injurious.  Observations  indicate  that  highly  fertilized  plants 
are  more  susceptible  to  heat;  Utey  do  not  lignify  so  readily  in  the 
fall,  and  that  they  are  subject  to  frost  danger. 

PRACnCB  AT  FORBST  SERYICB  NURSERiB& 

At  the  majority  of  Forest  Service  nurseries  fertilizing  has  not 
been  accorded  much  attention  because  they  have  been  quite  recently 
established,  and  there  has  not  been  opportunity  to  study  this  ques- 
tion. At  the  Bessey  Nursery  horse  manure  is  invariably  mixed  with 
sand  and  is  not  used  until  it  has  composted  thus  for  a  year,  during 
which  time  it  is  turned  two  or  three  times  and  watered  as  often  as 
necessary  to  prevent  heating.  It  is  applied  at  the  rate  of  from  50 
to  120  tons  per  acre  and  a  crop  of  cowpeas  or  soy  beans  is  pro- 
duced on  the  area  before  it  is  again  devoted  to  nursery  purposes. 
It  has  been  found  here  that  soy  beans  produce  more  and  larger 
root  nodules  than  cowpeas.  The  application  of  fresh  horse  manure 
to  the  seedbeds  just  before  sowing  has  proved  unsatisfactory,  be- 
cause the  undecomposed  material  made  the  soil  so  loose  that  it  dried 
out  very  rapidly,  resulting  in  loss  of  seedlings  from  drought. 

At  the  Fort  Bayard  Nursery  horse  manure  is  applied  at  the  rate 
of  from  25  to  30  tons  per  acre,  and  then  frijoles  (Mexican  beans) 
are  grown  for  one  season  on  the  same  area.  These  have  not  been 
plowed  under.  Crops  of  frijoles  and  nursery  stock  are  rotated 
yearly. 

At  the  Monument  Nursery,  after  the  trees  are  removed  in  the 
spring,  the  area  is  given  a  liberal  application  of  well-rotted  barn- 
yard manure,  which  is  plowed  under  to  a  depth  of  about  10  inches, 
and  it  is  then  sowed  to  field  peas  at  the  rate  of  about  75  poimds  per 
acre.  When  the  peas  begin  to  blossom  they  are  plowed  under  and 
a  second  crop  sown  to  be  plowed  under  just  before  the  vines  freeze. 
On  the  seed-bed  area  this  operation  is  repeated  the  following  year, 
but  transplant  areas  are  ready  for  use  after  one  year's  treatment. 

At  the  Pilgrim  Creek  Nursery  sheep  manure  is  applied  just  before 
spading  the  beds  at  the  rate  of  4^  cubic  feet  to  144  square  feet  of 
seed-bed  surface  and  45  cubic  feet  to  700  square  feet  of  transplant-bed 
surface.  The  amount  for  transplant  beds  is  to  be  increased,  as  it 
is  not  considered  sufficient. 

At  the  Garden  City  Nursery  manure  and  cowpeas  were  used  in 
rotation  with  the  nursery  crops.  Sand  was  also  added  to  the  heavy 
soil  and  improved  it  considerably. 

Because  of  the  great  increase  in  damping-ofF  which  has  resulted 
in  some  cases  from  the  use  of  organic  fertilizers,  especially  dried 
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blood,  it  is  well  to  warn  against  the  use  of  any  rich  organic  fer- 
tilizers shortly  before  seed  sowing.  Ammonium  hydroxide  when 
applied  at  the  old  Garden  City  Nursery  was  followed  3  or  4  weeks 
later  by  the  almost  complete  destruction  of  the  seedlings,  apparently 
by  damping-off  fungi,  although  it  is  not  absolutely  certain  that  fungi 
were  responsible. 

COSTS  OF  OPERATIONS. 

The  cost  of  nursery  operations,  which  are  reflected  in  the  costs  of 
stock,  are  governed  by  so  many  conditions  that  they  vary  consider- 
ably at  different  nurseries  and  from  year  to  year.  The  diflferent^ 
elements  which  eflfect  the  cost  have  been  pointed  out  in  the  foregoing 
pages.  With  the  bringing  of  all  nurseries  up  to  a  good  economic 
capacity,  with  a  gradual  decrease  of  overhead  charges,  which  in 
some  instances  are  at  present  rather  high,  and  with  still  more  im- 
proved methods  of  nursery  practice  and  familiarity  with  the  differ- 
ent species,  it  is  expected  that  average  costs  can  be  considerably 
reduced  in  the  future.  The  following  represent  some  of  the  actual 
costs  of  past  nursery  operations : 
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INTRODUCTION. 

In  nearly  all  parts  of  the  United  States  damage  is  produced  each 
year  by  leaf-eating  insects,  and  the  application  of  arsenicals,  in  the 
form  of  poison  sprays,  has  been  demonstrated  to  be  the  most  efficient 
method  of  suppression  or  control.  In  the  work  of  suppressing  and 
preventing  the  spread  of  the  gipsy  moth  and  the  brown-tail  moth, 
spraying  with  arsenate  of  lead  on  an  extensive  scale  has  proved  a 
very  important  factor.  The  magnitude  of  the  insect  problem  which 
the  ravages  of  the  gipsy  moth  has  developed  in  the  New  England 
States  made  it  necessary  to  devise  extensive  improvements  in  insecti- 
cides and  spraying  machinery. 

HISTORY. 

When  the  work  against  the  gipsy  moth  was  first  undertaken  by 
the  ConMncnwealth  of  Massachusetts,  the  problem  was  one  of  ex- 
termination rather  than  repression,  and  spraying  with  arsenical 
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poisons  at  that  time  was  not  regarded  as  an  important  factor.  The 
State  Board  of  Agriculture  of  Massachusetts  later  conducted  ex- 
periments with  insecticides  which  resulted  in  1894  in  the  develop- 
ment of  arsenate  of  lead  as  the  most  economical  and  effective  poison 
for  control  work  against  leaf-eating  insects.  After  these  demonstra- 
tions, spraying  became  more  general,  owing  to  resulting  effectiveness 
as  well  as  to  a  considerable  reduction  in  expense,  and  this  naturally 
led  to  the  modification  and  improvement  of  machinery  and  appa- 
ratus for  applying  mist  sprays. 

In  1895  the  late  J.  A.  Pettigrew,  while  superintendent  of  Prospect 
Park,  Brooklyn,  N.  Y.,  began  solid-stream  spraying,  and  in  the 
Yearbook  of  the  United  States  Department  of  Agriculture  for  1896 
there  appears  an  article  by  Dr.  L.  O.  Howard  on  the  subject.  The 
sprayer  assembled  by  Mr.  Pettigrew  had  steam  as  its  motive  power, 
the  pump  and  engine  being  connected  to  a  watering  cart.     (PL  II.) 

Owing  to  the  discontinuance  of  appropriations  by  the  Legislature 
of  Massachusetts,  the  gipsy-moth  work  was  stopped  in  1900,  and  no 
State  work  was  carried  on  in  combating  this  pest  until  May,  1905, 
when  a  further  appropriation  was  made. 

In  1905  the  late  Gen.  S.  C.  Lawrence,  of  Medford,  who  was  in- 
tensely interested  in  the  work  of  combating  the  gipsy  moth  on  his 
large  estate  and  others  surrounding  it,  saw  the  necessity  of  larger 
machines  for  spraying  and  purchased  a  high-power  machine  which 
was  operated  by  an  air-cooled  gasoline  engine  and  had  a  triplex 
cast-iron  pump.  This  machine  did  very  good  work,  but  its  use  indi- 
cated that  further  improvements  were  desirable. 

Through  the  efforts  of  the  writer,  while  in  the  employ  of  the 
State  of  Massachusetts,  some  important  mechanical  devices  in  solid- 
stream  spraying  were  constructed,  and  during  the  last  few  years, 
while  carrying  on  the  scouting  and  extermination  work  for  the 
Bureau  of  Entomology,  United  States  Department  of  Agriculture, 
further  improvements  have  been  made.  Many  of  these  improvements 
are  now  being  extensively  used  in  New  England,  but  in  order  that 
others  contemplating  the  use  of  such  apparatus  may  know  the  most 
economical  and  practical  methods  the  following  suggestions,  illus- 
trations, and  tables  are  submitted. 

After  a  careful  inspection  of  the  territory  surrounding  the  known 
infested  area  in  Massachusetts,  it  was  found  that  it  had  increased 
from  359  square  miles  in  1900  to  2,500  square  miles  in  1905.  It  was 
apparent  that  a  considerable  amount  of  spraying  must  be  done,  but 
the  apparatus  available  for  so  large  an  operation  was  insufficient 
and  indequate,  there  being  hardly  any  spraying  machinery  on  the 
market  except  that  principally  u^d  for  orchard  spraying.  After 
the  first  season's  work  efforts  were  made  to  improve  spraying  ma- 
chinery, so  that  the  work  could  be  brought  to  a  higher  degree  of 
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efficiency.  Our  efforts  led  to  the  construction  of  a  high-power  solid- 
stream  madiine,  which  was  an  improvement  over  those  used  in  the 
previous  season.  These  machines  were  assembled  from  stock  parts 
purchased  in  the  open  market  and  consisted  of  stationary  engine, 
with  battery  ignition  and  single  cylinder  or  duplex  piimp. 

While  the  results  accomplished  were  an  improvement,  they  were 
not  satisfactory  as  the  piunp  did  not  furnish  a  steady  pressure  and 
the  engine  caused  too  much  vibration.  In  1907  a  two-cylinder 
marine  engine  and  triplex  cast-iron  pump  were  used.  This  machine 
was  an  improvement  over  the  first,  but  the  pump  would  not  stand 
high  pressure  and  its  use  resulted  in  a  large  amount  of  valve  trouble. 
Later  a  four-cylinder  marine  engine  was  used  with  high-tension 
magneto  and  a  triplex  pump  made  of  phosphor-bronze  having  metal 
valves.  This  proved  satisfactory,  and  practically  the  same  outfit  is 
in  use  to-day. 

DESCRIPTION  OF  APPARATUS. 

The  high-power  solid-stream  sprayers  being  used  by  the  Bureau  of 
Entomology  are  assembled  as  follows  (PI.  Ill) : 

Caravan  running-gear,  U-shaped  tank,  phosphor-bronze  pump,  14- 
horsepower  marine  engine.  Rimning  gear  built  of  best  oak  stock 
with  high-grade  iron.  Wide  tires  on  wheels,  cut-under  front  wheels, 
with  springs  all  around,  fitted  for  a  two-hoi-se  hitch.  Tank  made 
from  select  pine  stock,  capacity  of  at  least  400  gallons,  with  a  solid 
roof  capable  of  carrying  supplies  on  the  top.  An  arch  made  of  heavy 
steel  straps  is  bolted  on  the  inside  to  protect  the  agitator.  This  ar- 
rangement provides  space  in  the  tank  for  storing  the  hose  while  the 
sprayer  is  being  moved  from  place  to  place  and  eliminates  the  need 
of  a  supply  wagon,  reducing  the  cost  of  operation  about  $5  a  day. 
The  roof  extends  over  the  engine,  and  side  curtains  are  used  to  protect 
it  from  weather.  Pump,  triplex  type,  with  cylinders,  valves,  valve 
chambers,  and  plungers  made  of  a  high-grade  phosphor-bronze  with 
a  tensile  strength  of  36,000  pounds  per  square  inch.  This  makes  a 
much  lighter  and  more  compact  pump  than  would  be  safe  if  cast  iron 
was  used,  as  the  latter  rarely  has  a  tensile  strength  of  more  than 
15,000  poimds  per  square  inch.  The  cylinders  and  displacement 
chambers  are  cylindrical  in  design,  so  as  to  offer  no  flat  surfaces  to 
pressures;  thus  greater  strength  can  be  secured  with  the  same  amount 
of  metal.  The  valves  and  waterways  are  extra  large  to  permit  high 
speed  while  filling.  The  valve  chambers  are  so  designed  that  any 
one  valve  may  be  removed  without  disturbing  another.  The  uprights 
are  made  of  high  grade  iron  with  babbitted  bearings.  The  crank  is 
a  drop-forging  which  usually  has  an  elastic  limit  of  over  74,000 
pounds  per  square  inch  and  is  not  subject  to  crystallization.  Cast- 
iron  cranks  should  be  avoided,  as  they  usually  have  an  elastic  limit 
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not  exceeding  40,000  pounds.  The  pump  is  attached  to  the  engine  by 
a  durable  clutch,  with  gear  and  pinion.  Connected  with  the  pump 
are  two  automatic  safety  release  valves,  one  set  at  300  pounds  and 
the  other  at  350  pounds.  By  having  two  release  valves  a  variation 
of  pressure'  can  be  obtained  from  275  pounds  to  375  pounds  without 
making  any  change  in  the  release  valve  and  not  running  the  engine 
at  an  excessive  rate  of  speed.  These  valves  are  properly  set  and 
should  not  be  adjusted  in  the  field. 

THE  ENGINE. 

The  engine  is  a'4-cycle,  water-cooled  type,  having  four  cylinders, 
with  a  maximum  of  14  horsepower,  and  is  equipped  with  a  high-ten- 
sion magneto,  and  so  oiled  as  to  require  little  attention  from  the  en- 
gineer. The  cooling  system  consists  of  a  coil  of  pipe  submerged  in 
the  spray  tank  and  fed  by  a  supply  tank  located  near  the  engine. 
The  gasoline  tank  has  a  capacity  of  10  gallons.  The  agitator  consists 
of  three  long  paddle  blades  extending  the  entire  length  of  the  tank 
and  has  proven  more  satisfactory  than  single  propeller  blades. 

The  safety  or  release  valve  is  so  arranged  on  the  delivery  line  that 
the  solution  is  automatically  released  into  the  spray  tank  whenever 
the  nozzles  are  shut  off.  The  piping,  wherever  subjected  to  high  pres- 
sures, is  extra  heavy,  with  double-strength  fittings,  and  is  so  arranged 
on  the  pressure  side  that  the  solution  may  be  delivered  into  the  hose 
for  spraying  or  diverted  into  the  tank  when  filling.  The  suction 
line  is  arranged  so  that  the  solution  may  be  drawn  directly  from  the 
tank  or  water  from  the  suction  hose  when  the  tank  is  being  filled. 

While  this  arrangement  is  not  essential  in  spraying  work,  it  enables 
this  apparatus  to  be  used  for  other  purposes,  such  as  fighting 
fires,  etc. 

THE  HOSE. 

Hose  used  in  high-power  solid-stream  spraying  should  be  con- 
structed to  stand  a  working  pressure  of  600  pounds,  with  couplings 
especially  adapted  for  high-power  work.  Hose  Used  in  this  work 
not  only  has  to  stand  high  pressures,  but  is  also  subject  to  severe 
strain  in  pulling  and  hauling  that  is  necessary  especially  in  wood- 
land spraying.  Unless  a  very  high  grade  10-ply  hose  is  used,  with 
heavy  inner  tube  and  outer  walls,  it  is  advisable  to  have  7  or  8  ply 
hose  covered  with  a  cotton  jacket  treated  to  prevent  mildew  and  in- 
crease wearing  quality.  It  is  also  advisable  to  use  high-grade  hose, 
whether  covered  or  not,  as  the  life  of  it  will  be  so  extended  as  to  re- 
duce the  yearly  cost  to  a  considerable  extent.  Couplings  should  be 
constructed  so  as  to  make  it  impossible  for  them  to  blow  off  under 
pressure  and  to  offer  as  little  resistance  as  possible  when  the  hose 
is  being  pulled.    In  woodland  spraying  parts  protruding  from  cou- 
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A  New  Feature  in  Hose  Couplinos. 

High-power  hose  equipped  with  quick-hitch  couplings.    A,  Unooupled;  B,  coupled  but 
not  fastened;  C,  coupled  and  fastened.    (OriginaL) 
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Plate  V. 


Comparison  of  Old  and  New  Type  Nozzles. 

Nonlfis  for  solid-stream  sprayer.    A.  Old  type  nozzle;  B,  latest  type,  known  as  the 
Worthley  noule,  with  spreader;  C,  smaller  size,  same  type  as  B .    (Original.) 
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Comparison  of  Details  of  the  Old  and  the  Improved  Types  of  Nozzles. 

Fio.  1.— Old  type  nozzle,  a,  Shut-ofl  open;  b,  Hopkins;  e,  square  top  of  Hopkins;  <f,  taper 
at  base  of  tip.  Fio.  1  A.— Square  waterway  in  shut-ofl;  a,  opening  of  pipe  above  and  below 
shut-ofT:  6,  rectangular  opening  in  shut-ofl;  c,  protruding  snoulder  in  snut-ofl  when  open. 
Fio.  IB.— Cross  section  of  tube  and  Hopkins,  snowing  Hopkins  loose  in  the  chamber  of  the 
nozzle. 

Fio.  2.— Base  of  Worthley  nozzle,  a,  Swivel  handle;  6,  shut-off  handle;  c,  shut-off  dosed; 
d,  base  of  tube  of  nozzle.  Fig.  2A.— Clear  waterway  in  shut-off  when  open.  Fig.  2B.— 
Details  of  the  shut-ofl;  a,  shut-ofl  open;  b,  nut;  c,  shut-ofl  handle;  d,  washer. 

Fig.  3.— Tip  of  Worthley  nozzle,  a,  Method  of  holding  Hopkins  in  position  in  top  of  tube: 
6,  top  of  Hopkins  leveled  to  sharp  edge;  c,  condensing  head  In  end  of  tube;  a,  beveled 
base  of  Hopkins;  e,  protecting  shoulder.  Fig.  3 A.- Cross  section  of  tube  and  Hopkins. 
a,  Hopkins  firmly  held  in  place  at  top  of  tube.    (Original.) 
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plings  are  a  great  hindrance  to  the  work,  as  they  become  entangled 
in  twigs,  rocks,  and  other  obstructions.  ReceAtly  there  has  been 
placed  on  the  market  a  quick-hitch  coupling  that  is  easily  connected 
without  the  use  of  wrenches  and  is  being  used  by  this  Bureau  in 
its  spraying  work.  It  promises  a  great  saving  in  time  when  long 
lines  of  hose  are  being  used.    (PL  IV.) 

NOZZLES. 

From  observations  made  by  the  writer  on  solid-stream  spraying 
operations  in  1907,  1908,  and  1909  it  was  evident  that  the  nozzles 
being  used  were  not  giving  satisfaction  and  that  some  improvement 
should  be  made.  The  nozzle  then  in  use  had  a  long,  tapering  tube 
with  the  shut-off  near  the  tip  or  at  the  base  and  was  constructed  so 
as  to  offer  considerable  resistance  to  pressure.  (  PL  V,  a*)  .  The  "  hop- 
kins  "  (a  finlike  arrangement  used  in  open-bored  nozzles  to  stop  the  * 
circular  movement)  was  placed  near  the  hose  end  and  the  tips  were 
tapered  nearly  to  the  end,  which  caused  the  stream  to  spread,  by 
reflex  action,  immediately  after  leaving  the  tip.  Water  passing 
through  lines  of  hose  takes  a  spiral  motion,  owing  to  the  spiral 
winding  in  the  manufacture  of  the  hose. 

Experiments  were  conducted  in  1909  and  1910  for  the  improve- 
ment of  solid-stream  nozzles,  and  resulted  in  the  production  of  a 
nozzle  that  gave  much  more  satisfaction,  gaining  at  least  25  feet  in 
the  height  of  the  stream,  working  at  the  same  pressure,  with  the  same 
size  tip,  and  using  the  same  amount  of  solution.  Later  it  was  ob- 
served that  some  means  should  be  devised  for  breaking  the  force  of 
the  stream,  so  that  small  trees  and  the  lower  foliage  of  large  trees 
could  be  properly  sprayed.  For  this  purpose  a  strip  of  brass,  slightly 
curved,  about  10  inches  long  and  IJ  inches  wide,  known  as  a  spreader, 
was  attached  to  a  brass  ferrule  about  a  foot  in  length,  so  that  it  could 
be  moved  up  and  down  the  tube  of  the  nozzle.  When  this  brass  strip 
is  slid  beyond  the  tip  the  force  of  the  solution  coming  in  contact  with 
it  is  broken  up  into  a  fan-shaped  stream,  thus  giving  a  good  mist 
spray.    (PL  V,  J,  c.) 

Solid-stream  nozzles  now  being  used  have  a  full-way  shut-off  at 
the  hose  end  which  is  packed  on  both  sides  to  prevent  leakage,  and  a 
reduction  is  made  in  the  condensing  head  for  a  tapered  way  of  ap- 
proximately 1  inch  in  length.  The  "hopkins"  is  placed  directly  in 
the  end  of  the  tube,  straightening  the  stream  practically  at  the  tip 
entrance.  The  tips  are  all  bored  from  solid  metal,  making  an  abso- 
lutely smooth  waterway.  A  swiveled  handle  is  provided  on  the  large 
nozzles  to  permit  them  to  turn  freely  when  the  hose  twists,  without 
annoyance  to  the  nozzleman.  The  introduction  of  this  nozzle  prac- 
tically eliminated  the  climbing  of  forest  trees  in  spraying.  For  full 
details  of  construction,  see  Plate  VI. 
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MOTOR-TRUCK  SPRAYER.' 

The  first  motor-truck  sprayer  used  in  New  England  was  built  in 
the  winter  of  1910  along  lines  suggested  by  the  writer.  This  sprayer 
was  used  by  the  State  of  Massachusetts  and  gave  such  satisfactory 
results  that  several  others  have  been  built  and  are  being  used  in  that 
State.    (PI.  I.) 

In  the  fall  of  1915  a  machine  of  this  type  was  built  for  the  Bureau 
of  Entomology  and  has  been  used  to  great  advantage  during  the  past 
summer. 

Profiting  by  the  experience  secured  when  the  other  machines  were 
constructed,  the  one  built  for  the  Bureau  was  improved  and  per- 
fected in  many  respects,  so  as  to  render  its  operation  more  perfect 
and  economical.  A  machine  of  this  type  is  particularly  useful  where 
work  has  to  be  done  in  locations  demanding  the  use  of  long  lines  of 
hose  and  where  water  must  be  hauled  long  distances.  It  can  ac- 
complish more  work  in  a  single  season  than  four  horse-drawn  high- 
power  sprayers  and  can  be  operated  more  economically  on  account 
of  saving  time  on  the  road  and  reduction  in  the  number  pf  men 
needed. 

One  and  one-eighth  inch  hose  is  used  on  this  machine,  as  it  does 
not  offer  as  much  resistance  as  the  hose  of  smaller  diameter,  and 
makes  it  possible  to  maintain  proper  pressures  at  the  nozzle  when 
2,500  feet  of  hose  is  required.  Two  automatic  safety  release  valves 
are  connected  to  the  pump,  one  set  at  300  pounds  and  one  at  500 
pounds.  The  maximum  pressure  needed  on  2,500  feet  of  l^-indi 
hose  to  obtain  225  pounds  at  the  nozzle  is  475  pounds,  against  ap- 
proximately 600  pounds  in  the  case  of  1-inch  hose. 

When  1-inch  hose  is  used  the  pressure  must  be  increased  50  pounds 
for  every  100  feet  that  the  nozzle  is  operated  above  the  level  of  the 
sprayer.  With  l^-inch  hose  a  slightly  greater  pressure  is  required. 
This  matter  must  be  given  cfareful  attention  when  lines  of  hose  are 
run  to  hilltop  areas  which  are  at  much  greater  elevations  than  the 
sprayer. 

When  the  sprayer  truck  combination  is  not  in  use  the  pump  and 
tank  attachment  can  be  easily  removed  and  a  conmiercial  body 
attached  which  can  be  used  in  transporting  supplies  to  and  from  the 
field.     (PI.  VII.) 

The  construction  of  the  motor-truck  sprayer  is  of  special  design, 
owing  to  the  double  work  which  it  is  called  upon  to  perform.  As 
the  truck  must  propel  itself  and  at  the  same  time  maintain  hi^ 

^  since  this  manuscript  was  prepared  a  more  powerful  truck  sprayer  has  been  designed. 
For  this  purpose  a  0-ton  truck  with  a  worm  drive  and  a  pump  of  crreater  capacity  has 
been  uaed.  Thla  outfit  is  to  be  used  in  dUBcuH  aprajlikg  work  in  the  border  territory  of 
the  gipsy  moth  infested  region. 
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pressure  for  spraying,  it  is  necessary  to  have  an  engine  transmission 
of  extra  strength,  and  many  other  parts  are  oversize  from  what 
would  be  necessary  for  an  ordinary  3-ton  truck.  The  chassis  is  of 
1-inch  beam  construction,  with  platform  springs  and  chain  drive. 
The  engine  is  45-60  horsepower  and  has  an  internal  governor.  It 
has  three  speeds  forward  and  one  reverse,  with  special  transfer 
arrangement  to  the  pump  which  makes  it  possible  to  spray  while 
traveling  or  standing.  The  controls  for  operating  either  the  truck 
or  spraying  attachment  are  easily  reached  from  the  driver's  seat. 
The  pump  is  practically  the  same  as  those  on  horse-drawn  outfits, 
with  the  exception  that  it  is  reinforced  in  many  places  to  stand  extra 
high  pressures.  The  tank  is  of  the  U-shaped  type,  with  a  400-gallon 
capacity. 

In  doing  street-tree  or  roadside  spraying,  the  motor  truck  is  espe- 
cially adapted,  as  very  little  time  is  wasted  in  securing  water. 

POISON. 

The  amount  of  poison  to  be  used  varies  with  different  insects,  as 
some  species  will  withstand  more  than  others.  In  the  case  of  the 
apple-tree  tent  caterpillar  {MaULC0S(yma  amencana  Fab.)  about  one- 
half  the  amount  of  poisoji  is  required  that  is  necessary  to  kill  the 
gipsy-moth  caterpillars.  It  is  obiiously  wasteful  to  use  an  unneces- 
sary amount  of  poison.  In  the  case  of  the  gipsy  moth,  10  pounds 
of  arsenate  of  lead  and  100  gallons  of  water  is  sufficient  until  the 
caterpillars  have  passed  the  third  stage;  then  the  poison  should  be 
increased  to  12^  pounds  to  100  gallons  of  water.  This  increase  is 
necessary,  as  the  caterpillars  are  more  resistant  to  poison  as  they 
grow  older. 

Spraying  against  any  leaf-eating  larva  at  the  time  when  it  is 
about  to  change  to  the  pupal  stage  is  not  as  a  rule  satsifactory,  as 
very  little  feeding  is  done  for  a  few  days  previous  to  transforming. 

In  purchasing  arsenate  of  lead  paste,  the  following  specifications 
have  been  found  satisfactory : 

Fifty  per  cent  actual  dry  arsenate  of  lead,  not  less  than  15  per  cent 
arsenic  oxid  (AsjOg),  not  more  than  three-fourths  of  1  per  cent  of 
soluble  arsenates,  no  free  acids,  no  adulterant  or  inert  substances. 
Arsenate  of  lead  should  be  in  a  good  mechanical  and  physical  condi- 
tion and  should  be  subjected  to  analysis. 

These  specifications  carry  3  per  cent  more  arsenic  oxide  (AsjOj) 
than  is  required  by  Federal  law,  but  much  better  work  is  done  than 
by  the  weaker  percentage  and  with  more  economy. 

Poison  carried  ovar  frrai  one  season  to  another  in  wooden  con- 
tainers should  be  tested  before  it  is  used  to  ascertain  if  it  contains 
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the  proper  amount  of  moisture,  otherwise  a  larger  amount  of  actual 
arsenate  of  lead  may  be  used  than  is  necessary. 

Dry  arsenate  of  lead  has'been  tried  on  a  small  scale  and  has  given 
good  results.  It  has  not  been  used  extensively,  as  it  is  more  expen- 
sive than  the  paste  form. 

MIXING  POISON. 

Arsenate  of  lead  in  paste  form  can  be  obtained  in  different- 
size  steel  drums  or  wooden  packages,  and  should  contain  50  per  cent 
water.  The  lead,  being  heavier  than  the  water,  readily  settles  at  the 
bottom  of  the  container  and  should  be  stirred  to  an  even  consistency 
before  being  mixed  with  water  for  spraying.  If  this  is  not  properly 
done  an  uneven  strength  of  the  solution  is  the  result  and  consequently 
spraying  operations  are  often  unsatisfactory.  This  is  one.  of  the 
parts  of  a  spraying  operation  that  is  easiest  to  neglect,  and  in  order 
to  secure  an  even  solution  a  mixer  has  been  devised,  as  shown  in 
Plate  VIII.  It  can  be  attached  to  a  100-pound  drum  of  arsenate  of 
lead  and  the  contents  brought  to  an  even  consistency  in  from  3  to  5 
minutes.  The  lead  should  be  poured  into  another  drum  to  make  sure 
it  is  thoroughly  mixed,  thus  increasing  its  efficiency  and  lessening 
the  cost  of  labor. 

AGITATION. 

Agitation  is  one  of  the  most  important  factors  in  the  operation  of 
any  spraying  machine,  owing  to  the  fact  that  if  constant  and 
thorough  agitation  is  not  maintained  uneven  results  may  be  expected. 
In  some  power  machines  the  agitator  is  in  motion  only  when  the 
pump  is  working,  but  this  is  not  a  satisfactory  arrangement.  If  the 
machine  is  moved  from  one  location  to'  another  and  the  pump  is 
stopped  a  large  part  of  the  poison  will  settle  to  the  bottom  of  the 
tank.  It  is  very  difficult  to  get  arsenate  of  lead  again  into  suspen- 
sion, under  such  conditions,  as  it  has  to  be  sucked  gradually  from 
the  bottom  of  the  tank  by  the  agitator,  which  will  not  function  as 
well  as  if  the  poison  is  not  allowed  to  settle. 

On  all  machines  the  agitator  should  be  directly  connected  with  the 
engine  and  when  the  piunp  is  not  in  use  the  engine  should  be  run 
slowly,  so  as  to  keep  the  solution  well  mixed  imtil  the  tank  is  empty. 

AMOUNT  OF  SOLUTION  TO  BE  USED. 

The  amount  of  solution  used  in  solid-stream  spraying  should  be 
carefully  guarded,  as  it  is  very  easy  for  considerable  waste  to  occur. 
With  high-power  outfits  using  1-inch  hoee  and  one-fourth-inch  tip 
on  the  nozzle,  from  25  to  85  gallons  of  solution  is  being  delivered 
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An  Improved  Type  of  Poison  Mixer. 
Poison  mjxcr  attached  to  100-pound  drum,  showing  paddles. 
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every  minute,  and  as  the  average  shade  tree  contains  about  3,000 
square  feet  of  foliage  and  9^  gallons  of  solution  will  actually  cover 
this  amount  of  foliage,  it  is  practically  impossible  to  prevent  a  small 
amount  of  waste,  although  a  much  smaller  percentage  than  would  be 
supposed  results  if  care  is  taken  by  the  nozzleman.  One-half  minute 
of  solid-stream  spraying  at  the  proper  pressure  will  ordinarily  spray 
the  average  shade  tree. 

There  are  several  conditions  which  would  cause  this  estimate  to 
vary,  such  as  high  winds,  location  of  tree,  etc.  In  directing  solid- 
stream  spray,  the  force  of  the  stream  should  never  be  allowed 
to  strike  the  foliage,  as  the  solution  will  not  adhere,  but  is  driven  off. 
It  should  be  applied  in  as  near  a  mist  form  as  possible.  In  the  spray- 
ing of  shade  trees  care  should  be  taken  to  direct  the  stream  so  that 
the  mist  will  blow  or  drift  through  the  foliage.  It  is  not  always 
possible  to  spray  all  sides  of  a  tree,  but  it  can  usually  be  completely 
sprayed  by  drifting  it  through  or  by  allowing  the  stream  to  go  over 
the  tree.  In  spraying  trees  on  country  roadsides,  where  the  water 
supply  is  not  always  easy  of  access,  considerable  time  can  be  saved 
by  filling  the  tank  when  there  is  an  opportunity,  even  if  it  is  not 
empty.  If  this  is  done  an  accurate  method  should  be  worked  out  to 
determine  the  amount  of  water  to  be  added  so  that  the  proper  weight 
of  poison  can  be  placed  in  the  tank.  Considerable  time  is  required 
to  secure  water,  even  if  hydrants  are  available. 

PRESSURES. 

A  knowledge  of  the  correct  pressures  to  use  in  solid-stream  spray- 
ing is  most  essential.  As  has  been  previously  stated,  the  solution 
should  reach  the  leaves  as  a  mist  if  best  results  are  tq  be  obtained. 
If  this  is  not  done  much  poison  is  wasted,  and  if  the  force  of  the 
stream  is  allowed  to  come  in  direct  contact  with  the  foliage  it  often 
tears  and  damages  the  leaves. 

After  several  years  experience  and  many  experiments,  it  has  been 
concluded  that  to  obtain  the  best  results  the  pressure  at  the  nozzle 
when  1-inch  hose  is  used  with  any  sized  tip  should  be  225  pounds  in 
order  to  break  the  stream  into  a  mist  at  the  proper  place. 

It  has  been  determined  by  tests  shown  in  Table  I  that  it  is 
not  practical  to  use  over  1,500  feet  of  1-inch  hose  with  the  high- 
power  machine  when  a  one- fourth-inch  tip  is  used,  and  not  over  600 
feet  of  1-inch  hose  when  a  five-sixteenths-inch  tip  is  used. 
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Table  I. — Correct   nozzle  pressures   for  different   lengths  of   hose  and  sizes 

of  tips. 


Length  of  hos«. 

Nozzle 
pressure. 

Preesure  at  the  machine. 

One- 
eighth 
inch. 

Three- 

sixteenths 

inch. 

One- 
fourth 
inch. 

Five- 
sixteenths 
inch. 

100 

Pounds. 
225 
225 
225 
2-25 
225 
225 
225 
225 
22,^ 
225 
225 
225 
225 
225 
225 

Pounds. 
225 
225 
225 
225 
225 
225 
230 
230+ 
235 
235+ 
240- 
240 
240+ 
240+ 
245- 

Pounds. 
225 
225+ 
230 
240- 
250- 
250 
255 
260 
265 
268 
270 
272 
275 
278 
2S0 

Pounds. 
240 
250 
260+ 
275+ 
290- 
305- 
310+ 
320 

Pounds. 
250 
276 
300 
325 
350 
400- 

200 

300    

400 

500 

600 

700 

soo 

9(X) 

330 

340 

350 

360 

370+ 

390- 

410 

1  000 

1  1(K) 

1  200 

1  300    

1  400 

1  500 

The  tables  submitted  are  actual  readings  taken  in  the  field,  and 
the  nearest  to  a  5-p(mnd  point  was  taken.  Some  of  the  variations 
can  only  be  explained  by  the  expansion  of  the  rubber  hose^  which 
also  explains  the  difference  from  the  friction  loss  in  1-inch  iron  pipe.^ 

EXPERIMENT    TO    DETERMINE   THE    DISTRIBUTION    OF    POISON 

ON  FOLIAGE. 

In  order  to  determine  how  thoroughly  trees  were  being  sprayed 
by  using  the  solid-stream  method  a  number  of  experiments  were 
conducted  during  the  summer  of  1916. 

For  this  purpose  a  series  of  ferrotype  plates,  14  by  10  inches, 
were  secured  and  treated  with  black  coach  paint  so  that  any  spray 
coming  in  contact  with  them  could  be  seen.  The  plates  were  num- 
bered and  attached  to  bamboo  poles  about  12  feet  in  length.  This 
was  done  by  splitting  the  small  end  of  the  pole,  and  after  inserting 
the  plate  it  was  sewed  in  place  securely  with  copper  wire. 

The  plates  were  then  placed  in  different  positions  and  at  different 
heights  in  trees  that  were  to  be  sprayed  and  a  record  secured  of  the 
effectiveness  of  the  work.  (PI.  IX.)  This  is  a  method  that  can 
be  used  by  anyone  to  test  the  thoroughness  of  spraying  for  leaf- 
eating  insects. 

One  test  was  conducted  to  determine  the  time  required  properly  to 
spray  a  shade  tree  when  the  solid-stream  method  is  used.  The 
tree  selected  was  C5  feet  in  height,  and  excellent  results  were  se- 
cured by  applying  the  spray  for  half  a  minute;  A  glance  at  Plates 
X  and  XI  shows  the  thoroughness  of  the  treatment  in  this  test  and 
illustrates  the  value  of  this  method  of  spraying  when  properly  used. 

1  See  Engineering  Work  in  Towns  and  Small  Cities,  by  Ernest  McCalloogh,  1906,  p.  359. 
Pumping  Machinery,  by  William  M.  Barr,  1908,  p.  108. 
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SHADE-TREE  SPRAYING. 

The  spraying  of  shade  trees  with  arsenate  of  lead  should  be  ac- 
complished at  as  early  a  date  as  possible  after  the  foliage  has  suf- 
ficiently developed.  (PL  XII.)  Early  spraying  not  only  applies  to 
the  gipg^  moth,  but  will  poison  many  brown-tail  caterpillars,  as  they 
are  much  earlier  feeders  than  the  gipsy  moth.  In  the  case  of  the  elm 
leaf -beetle  {Galerucella  Ivieola  Miill.)  much  is  accomplished  in  pois- 
oning the  adult  beetles,  which  do  a  small  amount  of  feeding  after 
coming  out  of  hibernation  before  mating  and  laying  eggs,  as  they  are 
very  easily  poisoned  at  that  time.  It  is  often  argued  that  solid- 
stream  spraying  on  street  trees  is  too  expensive  and  that  the  work  can 
be  done  much  cheaper  with  smaller  apparatus.  The  principal  reason 
for  this  is  because  of  the  low  first  cost  of  the  smaller  outfits.  (PL 
XIII. )  This  may  be  true  for  a  single  year,  but  for  two  or  more  years 
the  solid-stream  method  is  the  cheaper.  The  total  cost  of  the  most 
expensive  high-power  apparatus  on  the  market  at  the  present  time  is 
approximately  $1,500  for  a  complete  equipment.  It  is  safe  to  figure 
depreciation  at  the  rate  of  20  per  cent  each  year,  although  there  are 
machines  in  the  field  at  the  present  time  that  have  been  used  8 
years  and  have  only  required  an  annual  overhauling  and  the  replace- 
ment of  small  worn  parts.  In  20  days'  spraying  one  large  machine 
should  treat  10,000  shade  trees.  This  would  average  only  3  cents 
for  each  tree  in  depreciation  which  is  not  prohibitive  to  any  munici- 
pality. Taking  everything  into  consideration,  the  entire  cost  of 
spraying  shade  trees  with  the  solid  stream  does  not  exceed  12  cents 
per  tree  if  the  work  is  managed  properly.  The  following  figures  are 
submitted  to  show  how  the  cost  per  day  is  computed  for  20  working 
days: 

1  pair  of  horses  and  driver $6.00 

3  men,  8  hours  each 7.50 

560  pounds  of  poison,  at  5  cents  per  pound 28.00 

10  gaUons  of  gasoline 1.80 

1  gallon  of  oil .30 

Depreciation  per  day  at  20  per  cent  per  year 15.00 

$58.60 

The  average  number  of  shade  trees  sprayed  with  each  400  gallons 
of  poison  is  35,  and  14  tanks  (5,600  gallons)  in  8  hours  is  a  good 
average,  totaling  490  street  trees  per  day,  making  the  average  cost 
per  tree  about  11}  cents.  In  treating  shade  trees,  where  any  consid- 
erable amount  of  spraying  is  to  be  done,  the  use  of  small  outfits  in 
mist  spraying  is  much  more  expensive  than  the  solid-stream  method. 
In  an  experiment  conducted  during  the  summer  of  1916  the  cost  of 
treatment  with  a  small  hand  outfit  was  more  than  twice  the  amount 
per  tree  that  it  was  when  the  solid  stream  was  used.    While  cme  can 
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find  considerable  variation  in  the  cost  of  applying  the  mist  spray, 
either  with  gasoline  or  hand  outfits,  it  is  more  than  double  the  cost 
of  solid-stream  spraying,  which,  in  the  long  run  of  the  season's 
work,  will  equal  an  amount  that  will  more  than  two-thirds  pay  for  a 
high-grade  solid-stream  machine  and  equipment.  By  following  the 
mist  method  for  two  seasons  a  high-grade  outfit  has  practically  been 
thrown  away  and  with  no  asset  shown  for  money  expended. 

WOODLAND  SPRAYING. 

In  woodland  or  park  spraying  the  solid-stream  method  is  in  a  class 
by  itself,  as  the  climbing  of  trees  over  large  areas  makes  the  mist 
method  not  only  too  slow  but  laborious  and  expensive.  With  a  high- 
grade  solid-stream  machine  properly  equipped  an  average  of  from  12 
to  15  acres  can  be  sprayed  in  a  day.  This  applies  to  large  areas 
where  machines  can  be  operated  without  the  necessity  of  moving  any 
great  distance  in  the  day's  work.  Twenty-one  acres  of  woodland, 
consisting  mostly  of  trees  60  to  70  feet  high,  is  the  maximum  treated 
in  a  single  day.  (PL  XIV.)  In  this  instance  the  water  supply  was 
convenient  and  easily  accessible.  The  solid-stream  machine  for  wood- 
land spraying  should  be  equipped  with  from  1,000  to  1,500  feet  of 
1-inch  hose;  100  feet  of  2^ -inch  suction  hose,  suction  strainer,  two  noz- 
zles (one  long  and  one  short),  and  with  each  nozzle  one  of  the  fol- 
lowing tips:  ^,  J,  1%,  i  inch  bores.  The  nozzles  should  be  equipped 
with  a  brass  spreader  for  spraying  undergrowth  and  low  foliage. 
(PI.  XV.)  Hose  should  be  provided  with  couplings  that  will  not 
blow  out — ^if  expensive  delays  are  to  be  avoided.  Spraying  in  wood- 
land should  be  arranged  so  that  whenever  possible  the  location  of 
the  hose  may  be  changed  while  the  sprayer  is  being  filled.  Much 
time  will  be  lost  if  this  is  not  done,  and  10  men  are  usually  necessary 
where  long  lines  of  hose  are  being  used. 

Men  should  be  so  located  on  hose  lines  that  the  nozzlemen  will  not 
be  hindered  by  the  weight  of  hose.  The  number  of  men  needed  in 
woodland  spraying  is  determined  entirely  by  the  lengths  of  hose 
used.  One  hundred  feet  of  1-inch  8-ply  cotton-covered  hose  weighs 
84  pounds,  and  carries  4.8  gallons  of  water  weighing  82.64  pounds, 
making  the  total  weight  when  spraying  116.64  pounds.  This  makes 
it  necessary  to  assign  a  man  to  every  100  feet,  besides  the  nozzleman. 
The  cost  of  woodland  spraying  where  large  areas  are  involved  aver- 
ages about  $5.50  per  acre.  Where  only  small  areas  are  sprayed  the 
cost  is  much  greater.  Six  hundred  gallons  of  solution,  when  prop- 
erly applied,  will  usually  spray  an  acre  and  no  climbing  should  be 
necessary.  In  experiments  recently  conducted,  a  pine  tree  99^  feet 
high  was  successfully  sprayed  from  the  ground.  Good  results  can 
usually  be  obtained  in  woodland  spraying  by  directing  the  stream 
through  the  open  places  in  the  foliage  in  order  to  minimize  damage 
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Testing  the  Distribution  of  Poison  Spray. 

spraying  elm  tree  65  feet  high  with  solid  stream.    Note  the  plates  at  top  of  troe  which  were 
used  to  secure  a  record  of  the  distribution  of  the  poison.    (Original.) 
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Results  of  Tests  for  Distribution  of  Poison  Spray. 

Distribution  of  poison.    Location  of  these  plates  is  shown  in  Plate  IX.    (Original.) 


Digitized  by 


Google 


Digitized  by 


Google 


Bui.  480,  U.  S.  Dept.  of  Agriculture.  PLATE  XII. 


The  Solid-Stream  Sprayer  in  Operation. 
Spraying  shade  trees  along  the  streets  with  solid  stream.    (Original.) 
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The  Unsatisfactory,  Old-Time  Spraying  Operation  with  a  Hand  Outfit. 

Bpraying  shade  trees  with  hand  outfit.    These  trees  had  to  be  climbed  in  order  to  treat  the  tops. 

(Original.) 
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TE8T8  FOR  Distribution  of  Poisoned  Spray  at  Extreme  Heiohts. 

Spraying  oak  85  feet  high  in  woodland.   Note  the  dlstribatioo  of  the  poison  spray  on  the  plate 
located  at  top  of  tree.    (Original.) 
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Adaptation  of  the  Spreader  in  Spraying  Operations. 

Spraying  low  growth,  using  spreader.    (Original.) 
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to  the  leaves,  and  at  the  same  time  thoroughly  treat  the  surrounding 
foliage.  By  using  a  spreader  on  the  nozzles  the  lower  foliage  and 
undergrowth  can  be  properly  sprayed  with  much  less  damage  or  loss 
of  solution  than  if  the  solid  stream  is  applied.  The  essential  thing 
in  woodland  spraying  is  to  keep  the  nozzleman  moving.  Poison  is 
sure  to  be  wasted  when  stops  are  made  for  any  length  of  time.  Care- 
ful arrangements  for  water  supply  should  be  made  in  advance. 
Damming  of  brooks  or  digging  holes  in  low  ground  to  provide  an 
accumulation  of  water  will  reduce  the  cost  of  spraying  to  a  great 
extent.  It  sometimes  becomes  advisable  in  the  spraying  of  large 
wooded  areas  to  build  temporary  roads.  This  is  often  necessary 
from  an  economic  standpoint,  as  the  average  wood  road  suitable  for 
spraying  machines  can  be  built  for  5  cents  per  square  yard,  arid  re- 
sults in  a  great  saving  in  the  aggregate  spraying  cost.  Especial  care, 
should  be  taken  in  the  spraying  of  conifers,  as  the  leaf  area  is  very 
small  and  the  stream  must  be  broken  into  a  fine  mist  in  order  to  have 
the  solution  adhere. 

WINTER  CARE  OF  SPRAYING  MACHINES  AND  EQUIPMENT. 

Failure  to  take  proper  care  of  a  spraying  outfit  is  responsible  for 
most  of  the  difficulties  and  delays  that  result  during  the  spraying 
season.  This  is  particularly  true  in  regard  to  the  precautions  that 
should  be  taken  when  the  spraying  season  is  over  and  the  machine  is 
laid  up  for  the  winter.  If  careful  attention  is  not  given  to  the  appa- 
ratus at  this  time,  many  difficulties  and  delays  are  likely  to  result 
during  the  following  season. 

Each  machine  should  be  taken  to  a  convenient  water  supply  and 
clear  water  forced  through  the  pump  and  hose  until  both  are  per- 
fectly clean.  The  running  gear  should  be  thoroughly  washed.  After 
this  has  been  done  the  hose  should  be  laid  away  for  the  winter.  Stor- 
ing hose  in  coils  should  be  avoided.  The  machine  should  be  properly 
drained  of  water  and  all  metal  parts  coated  with  heavy  grease.  Care 
should  be  taken  that  all  valves  and  petcocks  are  open,  and  the  plugs 
and  packing  in  the  pump  should  be  removed  for  the  winter  to  allow 
the  latter  to  drain.  After  the  water  has  been  properly  drained  from 
the  engine  and  the  circulating  pipes  ha ve  been  disconnected  the  engine 
should  be  started  and  run  for  a  few  minutes  so  as  to  force  the  water  out 
of  the  pump  and  check  valves  into  the  water  jacket  of  the  engine,  where 
the  heat  will  cause  it  to  evaporate.  Care  should  be  taken  not  to  allow 
the  engine  to  become  overheated  while  being  run  under  the  above 
conditions.  After  this  has  been  done  the  spark  plugs  should  be 
removed  and  wrapped  in  oiled  cloth  to  prevent  rusting.  After  the 
spark  plugs  have  been  removed,  pour  a  cupful  of  cylinder  oil  into  each 
cylinder  and  turn  the  engine  over  a  few  times,  so  that  the  oil  may  be 
worked  in  around  the  piston  rings.    Cork  stoppers  should  be  placed 
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in  the  spark-plug  holes  to  prevent  moisture  from  entering  the  cylin- 
ders. The  panels  should  be  taken  from  both  sides  of  the  engine  and 
all  oil  removed  from  crank  case,  after  which  the  crank  shaft  and 
connecting  rods  should  be  coated  with  heavy  grease.  A  few  drops 
of  light  oil  should  be  worked  into  all  metal  parts  of  the  magneto 
bearing  to  prevent  rusting. 

SUMMARY. 

The  subject  of  spraying,  either  solid-stream  or  mist  spray,  should 
be  given  very  careful  consideration,  as  the  importance  of  securing 
good  results  is  imperative.  If  they  are  accomplished,  much  more 
interest  and  cooperation  may  be  expected  in  the  problem  of  con- 
trolling leaf -eating  insects.  It  often  happens  that  those  responsible 
for  the  results  do  not  give  sufficient  attention  to  important  details 
until  it  is  too  late  in  the  season  to  secure  the  best  results.  One  should 
familiarize  himself  with  every  phase  of  spraying,  so  that  he  may 
be  able  to  cope  with  all  conditions.  While  there  are  still  those  at  the 
present  time  who  do  not  feel  that  solid-stream  spraying  with  arsenate 
of  lead  can  be  as  effective  as  that  done  with  smaller  machines  and  mist 
nozzles,  all  will  concede  that  much  good  work  has  been  accomplished 
in  the  gipsy-moth  area  in  New  England  with  solid-stream  spraying. 
While  the  solid-stream  method  is  confined  almost  entirely  to  shade- 
tree  and  forest  spraying  it  has  been  used  successfully  in  orchards 
(PI.  XVI).  Solid-stream  work  is  not  necessarily  confined  to  the 
highest-power  machines,  as  good  results  may  be  obtained  on  a  small 
scale  with  medium-power  machines  capable  of  delivering  a  solid 
stream  of  smaller  size,  and  which  at  the  same  time  may  be  easily 
converted  to  mist-spray  work.  This  also  applies  to  the  larger 
machines. 

The  problem  of  fighting  the  gipsy  moth  and  the  brown-tail  moth  is  * 
of  such  magnitude  and  general  economic  importance  that  it  would 
be  impossible  to  do  the  necessary  spraying  in  the  infested  area  with 
mist  spray  and  small  machines.  During  part  of  many  seasons  the 
weather  is  not  suitable  for  spraying,  and  when  conditions  are  right 
a  large  amount  of  spraying  must  be  accomplished  in  a  short  time. 
The  work  of  several  boring  insects  which  have  riddled  our  shade 
trees  in  the  past  few  years  has  also  made  climbing  of  them  much 
more  hazardous,  but  this  must  be  done  if  the  mist  spray  is  used.  If 
climbing  is  resorted  to,  the  expense  is  prohibitive,  especially  in  wooded 
areas. 

Many  times  the  question  is  asked,  "Why  pursue  other  methods 
of  fighting  the  gipsy  moth  and  the  brown-tail  moth;  why  not  confine 
it  entirely  to  spraying?"  There  are  several  reasons;  the  nature 
and  severity  of  the  infestation  must  be  taken  into  consideration, 
and  the  proximity  and  danger  of  spread  to  noninfested  regions. 
If  extermination  is  to  be  expected  it  would  not  be  wise  to  confine  all 
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efforts  to  spraying.  If  the  infestation  is  severe  and  egg  clusters  are 
very  numerous  they  should  be  treated  with  creosote  prior  to  spraying. 
What  is  termed  "rough  creosoting"  consists  of  treating  the  egg 
clusters,  which  can  be  easily  reached  in  areas  to  be  sprayed.  In 
rare  cases  infested  shade  trees  are  located  near  buildings  where 
it  is  impossible  to  spray  without  defacing  the  buildings  to  some 
extent.  This  can  be  avoided,  however,  if  buildings  are  first  wet  with 
clear  water.  If  the  infestations  are  located  in  pasture  lands,  propei 
precaution  should  be  exercised  so  that  live  stock  will  not  be  poisoned. 
Poison  notices  should*  be  placed  in  conspicuous  places  in  all  locations 
where  spraying  is  done. 

From  800  to  1,000  tons  of  arsenate  of  lead  and  about  600  high- 
power  solid-stream  machines  are  being  used  each  year  in  the  New 
England  States  in  fighting  the  gipsy  moth.  Thousands  of  acres 
of  park  and  orchard  trees  and  woodland  in  addition  to  approxi- 
mately 20,000  miles  of  street  trees  are  being  sprayed.  When  spray- 
ing is  properly  done  to  control  the  gipsy  moth,  very  little  trouble 
is  experienced  with  other  leaf -eating  insects* 
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The  Gipsy  Moth  and  the  Brown-tail  Moth,  with  Suggestions  for  their  ControL 
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Control  of  the  Gipsy  Moth  by  Forest  Management.     (Department  Bulletin  484.) 
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OFFICE,  WASHINGTON,  D.  C. 

Danger  of  General  Spread  of  the  Gipsy  and  Brown-tail  Moths  through  Im- 
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The  Calosoma  Beetle  in  New  England.  (Department  Bulletin  251.)  Price, 
15  cents. 

Dispersion  of  Gipsy  Moth  Larvte  by  the  Wind.  (Department  Bulletin  273.) 
Price,  15  cents. 

The  Gipsy  Moth  as  a  Forest  Insect.  (Entomology  Circular  164.)  Price, 
5  cents. 

The  Gipsy  Moth  in  America:  An  Account  of  the  Introduction  and  Spread  of 
Porthetria  Dispar  in  Massachusetts  and  of  BflForts  made  by  the  State  to 
Repress  and  Exterminate  It.     (Entomology  Bulletin  11,  n.  s.)    Price,  5  cents. 

Report  on  Field  Work  Against  the  Gipsy  Moth  and  the  Brown-tail  Moth. 
(Entomology  Bulletin  87.)     Price,  35  cents. 

Importation  Into  the  United  States  of  Parasites  of  the  Gipsy  Moth  and  the 
Brown-tail  Moth :  A  Report  of  Progress,  with  Some  Considerations  of  Pre- 
vious and  Concurrent  Efforts  of  this  Kind.  (Entomology  Bulletin  91.) 
Price,  65  cents. 

Calosoma  Sycophanta.  Its  Life  History,  Behavior,  and  Successful  Colonization 
in  New  P^ngland.     (Entomology  Bulletin  101.)     Price,  25  cents. 

The  Dispersion  of  the  Gipsy  Moth.    (Entomology  Bulletin  119.)    Price,  20  cents. 
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WOODLOTS  OF  THE  EASTERN  STATES. 

In  the  farming  sections  of  the  eastern  States  ^  the  farm  woodlot  is 
a  conspicuous  feature.  Small  woodlots  are  almost  always  in  sight, 
and  sometimes  fill  so  much  of  the  view  that  they  seem  more  extensive 
than  the  greater  areas  of  cultivated  land  which  are  shut  oflf  by  the 
screen  of  trees.  In  the  longer  settled  regions  and  near  the  prairies 
"the  woodlots  are  relatively  small  and  scattered;  but  as  the  topog- 
raphy grows  rougher  or  a  region  is  approached  in  which  the  farmer 
is  really  a  pioneer  settler,  the  woodlots  increase  in  size  until  they 
become  indistinguishable  from  the  forest.  The  average  size  varies 
from  about  5  acres  in  the  older  farming  sections  to  150  or  180  acres 
in  the  newer  ones,  such  as  northern  Minnesota  and  one  coast  county 
of  South  Carolina.  For  the  eastern  States,  as  a  whole,  the  Thir- 
teenth Census  (1910)  showed  the  average  size  to  be  a  little  less  than 
30  acres.* 

^  Except  where  the  contrary  is  specified,  this  bulletin  deals  only  with  the  States  as  far 
west  as,  and  including,  Minnesota,  Iowa,  Missouri,  Arkansas,  and  Louisiana.  The 
soathem  part  of  Florida  (21  counties)  is  excluded. 

'Since  the  statistics  do  not  show  the  number  of  farms  with  woodlots  and  the  number 
withoat,  it  is  necessary  to  assume  that  every  farm  has  one.     As  a  matter  of  fact,  there 
are  many  farms  with  lltUe  or  no  timber  growth,  especially  in  the  longer-settled  and  the 
prairie  regions,  so  that  the  average  woodlot  is  really  a  Uttle  larger. 
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Considering  the  small  size  and  the  separate  ownership  of  tl)e  wood- 
lots,  which  has  prevented  their  exploitation  by  any  systematic  plan 
such  as  is  used  in  large-scale  lumbering,  the  aggregate  income  which 
the  farmers  receive  every  year  from  the  sale  of  their  woodlot  prod- 
ucts is  surprisingly  large.  In  1909,^  for  example,  it  amounted  in 
the  eastern  States  alone  to  nearly  $170,000,000 — more  than  the  value 
of  the  entire  potato  crop  in  the  East,  nearly  double  that  of  the 
tobacco  crop,  and  over  twice  that  of  the  combined  barley  and  rye 
crops.  This  income,  however,  can  not  be  regarded  as  a  perpetual 
income;  it  is  secured  very  largely  through  the  destruction  of  the 
,  woodlot  in  clearing  land  for  cultivation.  While  the  aggregate  in- 
come from  the  sale  of  farm  wood  was  increasing  over  90  per  cent 
between  1880  and  1910,  the  aggregate  area  of  the  woodlots  was  de- 
creasing nearly  15  per  cent,  or  at  a  rate  of  one-half  of  1  per  cent  per 
year.  A  still  further  reduction  in  woodlot  area  must  be  regarded 
as  inevitable.  Although  such  a  reduction,  if  carried  to  an  extreme, 
would  mean  the  loss  of  a  convenient  and  cheap  local  timber  supply 
for  the  farms,  yet  when  the  land  cleared  is  at  once  devoted  to  raising 
more  paying  crops  the  removal  of  farm  timber  is  entirely  justifiable 
and  desirable. 

However  the  woodlots  may  be  reduced  in  area,  they  will  not  dis- 
appear; for  timber  can  be  made  an  actively  growing,  crop,  often 
capable  of  yielding  better  returns  than  any  other  that  can  be  grown 
on  the  poorer  soils  and  situations  of  the  farm.  By  proper  manage- 
ment the  quantity  of  wood  products  raised  within  a  given  time  can 
be  increased  and  the  quality  improved,  and  the  woodlot  can  either  be 
put  on  a  self-sustaining  basis  and  made  to  yield  a  few  trees  every 
year  or  every  few  years,  or  it  can  be  clean-cut  and  reproduced  at 
intervals  of  from  30  to  50  years  so  as  to  yield  large  returns  on  a  rela- 
tively small  investment.  The  farmer  has  a  certain  advantage  ovei* 
the  lumberman  who  might  wish  to  grow  timber  in  that  the  funds 
invested  in  his  timber  are  smaller  in  the  aggregate,  while  the  benefits 
to  be  secured  are  varied,  and  the  labor  that  is  necessary  can  be  sup- 
plied by  farm  hands  and  teams  when  otherwise  they  would  be  idle. 
As  a  region  becomes  settled  it  becomes  easier  for  the  farmer  to 
market  his  woodlot  products  profitably,  because  markets  are  more 
numerous  and  more  accessible  by  good  roads  or  railroads.  Further- 
more, the  woodlot  is  the  source  of  a  great  many  indirect  benefits  to 
the  farm,  which  are  often  themselves  suflScient  to  warrant  its  being 
maintained  permanently. 

The  purpose  of  this  bulletin  is  to  show  as  nearly  as  it  can  be  done 
from  available  census  statistics  what  the  relation  of  the  woodlot  has 
been  to  the  agricultural  development  of  different  parts  of  the  East, 

^  Thirteenth  Census. 
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what  the  tendencies  appear  to  be,  and,  in  general,  what  value  the 
woodlot  actually  has  to  the  Nation,  the  rural  community,  and  the 
individual  farm.  As  a  means  of  reasonably  complete  and  convenient 
assembling  of  the  facts  the  farm  land  of  the  eastern  United  States 
will  be  considered  in  six  divisions,  each  consisting  of  the  coimties 
having  similar  ratios  of  woodland  to  total  farm  land  according  to  the 
Thirteenth  Census  (1910).  These  divisions,  shown  graphically  on 
the  map  on  pages  4  and  5,  are  as  follows:  Division  I,  less  than  10 
per  cent  of  the  total  farm  land  wooded ;  Division  II,  from  10  to  20 
per  cent  wooded;  Division  III,  from  20  to  40  per  cent  wooded; 
Division  IV,  from  40  to  60  per  cent  wooded;  Division  V,  from  60  to 
80  per  cent  wooded;  and  Division  VI,  more  than  80  per  cent  wooded. 
These  divisions  should  not  be  mistaken  as  indicating  the  proportion 
of  the  total  land  surface  which  is  in  farms  nor  the  general  timbered 
condition  of  the  region,  although  incidental  relations  between  these 
and  the  proportion  of  farm  land  wooded  do  exist,  as  will  be  shown 
further  on.  All  areas  of  county  size  or  over  are  shown.^  The  tables 
in  the  bulletin  are  based  on  these  divisions,  so  that  the  chief  facts 
relating  to  the  status  of  woodlots  in  any. part  of  the  Eastern  States 
can  easily  be  ascertained  by  first  finding  on  the  map  in  what  woodlot 
division  the  area  in  question  is  located  and  then  obtaining  frojn  the 
tables  the  data  for  that  division  and  State. 

HOW  THE  GROVTTH  OF  FARMING  HAS  AFFECTED  THE  WOOD- 
LOT. 

The  history  of  the  woodlot  is  a  part  of  the  history  of  agriculture 
in  general ;  the  status  of  farming  in  most  regions  and  the  extent  and 
character  of  the  farm  woodland  have  been  so  related  that  if  one 
.were  known  the  other  could  be  determined  with  a  fair  degree  of. 
accuracy.  Thus  in  most  parts  of  the  East  the  early  stages  of  farm- 
ing involved  a  bitter  struggle  with  the  timber,  and  only  a  small  area 
was  actually  cleared;  then,  in  proportion  as  settlement  progressed, 
more  and  more  of  the  wooded  area  was  claimed  for  cultivation,  imtil, 
in  the  long-settled  farming  lands  of  the  north  central  States,  the 
woodlot  is  now  either  a  mere  fragment  of  the  original  forest  or  a 
new  growth  which  has  been  allowed  to  spring  up  in  place  of  the  old. 
Meanwhile  there  has  always  been  a  frontier  of  development  (as  there 
is  now  in  the  northern  parts  of  the  Lake  States)  where  the  newly 
acquired  farm  land  is  still  mainly  woods,  and  as  this  frontier  has 
advanced  it  has  left  behind  it  regions  representing  progressive 
stages  in  the  clearing  process  having  smaller  and  smaller  propor- 

«  The  tables  do  not  include  statistics  for  the  District  of  Colombia,  and  tables  1,  2,  3, 
and  5  also  exclude  those  for  counties  whose  location  and  average  farm-land  values 
•bowed  that  the  land  probably  had  a  speculative  value  far  in  excels  of  its  actual  pro- 
ductive value  for  farm  crops.     In  the  aggregate  this  is  a  very  smaU  area. 
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.  1. — Land  area  of  the  Eastern  States  classified  according  to  the  proportion  of  farm 
idicate  the  proportion  of  the  total  land  surface  which  is  In  farms  (shown  In  Table  3)  ; 
reas  (Dlyision  I)  the  greatest  proportion  of  the  total  land  surface  in  farms. 
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land  wooded  (woodlot  divisions).     See  Table  7.     The  degree  of  shading  is  not  meant  to 
the  black  areas  (Division  VI)   usually  contain,  in  fact»  the  smallest*  and  the  unshaded 


Digitized  by 


Google 


6  BULLETIN  481,  U.  S.  DEPARTMENT  OP  AGMCULTURB. 

tioDS  of  farm  land  wooded.*  Accompanying  the  decrease  in  propor- 
tion of  wooded  farm  land  there  has  generally  been  an  increase  in 
the  number  of  farms,  the  proportion  of  the  total  land  surface  in 
farms,  the  proportion  of  farm  land  improved,  and  the  cash  value  of 
the  land. 

Of  the  different  elements  by  which  the  progress  of  agricultural 
development  may  be  measured,  such  as  population,  value  of  farm 
property,  proportion  of  this  value  which  is  mortgaged,  aggregate 
crop  values,  etc.,  two  have  been  chosen  for  illustration  as  having  an 
important  bearing  on  the  decrease  or  increase  of  farm-woodland 
area  in  any  region.  These  are  the  value  of  farm  land  and  the  pro- 
portion of  farm  land  which  is  improved.  A  comparison  in  regard 
to  each  of  these  factors  between  ^  woodlot  divisions ''  heavily  and 
lightly  wooded  brings  out  clearly  the  real  causes  of  woodlot  clear- 
ing. This  comparison  is  made  in  Tables  1  and  2.  Table  1  gives 
the  average  land  value  in  1910  for  the  counties  in  each  woodlot 
division,  and  Table  2  the  proportion  of  improved  land  in  1880  and 
1910.' 

^  Exceptions  which  prove  the  rule  are  found  in  regtons  In  which  arglciiltiire  has  not 
progressed,  bat  has  retrograded.  In  such  cases  farm  woodlands  have  practlcaUj  always 
increased  both  in  actual  amoant  and  in  proportion  to  total  farm  land.  A  notable  example 
is  New  England. 

*  Extract  from  General  Report  on  Agricaltnre,  Thirteenth  Census  of  the  United  States 
(1910).  Vol.  V,  p.  25: 

Detlnitiona  of  the  cUuaea  of  farm  land. — Section  8  of  the  Thirteenth  Census  act  pro- 
vided that  the  schedules  relating  to  agriculture  should  call  for  the  acreage  of  woodland 
on  farms.  In  order  that  this  provision  might  be  carried  into  effect,  deflnitSona  of  farm 
land  and  of  the  various  classes  thereof  were  given  in  substantiallj  the  foIlowlBg  form  in 
the  instructions  to  enumerators : 

Farm  land  is  divided  into  (1)  improved  land,  (2)  woodland,  and  (8)  all  other  unim- 
proved land.  Improved  land  includes  all  land  regularlj  tilled  or  mowed,  land  pastured 
and  cropped  in  rotation,  land  lying  fallow,  land  in  gardens,  orchards,  vineyards,  and 
nurseries,  and  land  occupied  by  farm  buildings.  Woodland  includes  all  land  covered  with 
natural  or  planted  forest  trees,  which  produce,  or  later  may  produce,  ilrewood  or  other 
forest  products.  All  other  unimproved  land  includes  brush  land,  rough  or  stony  land, 
swamp  land,  and  any  other  land  which  is  not  improved  or  in  forests. 

The  census  classification  of  farm  land  as  **  improved  land,*'  **  woodland,*'  and  ^aU 
other  unimproved  land  "  is  one  not  always  easy  for  the  farmers  or  enumerators  to  make. 
Statistics  for  these  three  classes  of  land  may  be  considered  fairly  close  approzimatlons, 
but  enumerators  and  farmers  in  different  parts  of  the  United  States  may  have  interpreted 
these  definitions  somewhat  differently,  and  at  the  different  censuses  they  may,  even  In 
the  same  locality,  have  put  slightly  different  interpretations  upon  them. 
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Table  1. — Average  value  of  farm  land,  1910. 


Average  value  per  acre 

of  farm  land. 

State  or  State  gitmp. 

Division 
L 

Division 

Division 

m. 

Division 
IV. 

Division 
V. 

V 

Division 
VI. 

Total. 

Eastern  United  States 

$78.26 
114.43 
61.06 
93.45 
44.58 
60.36 
44.03 

$61.17 
60.70 
34.42 
61.36 
42.91 
39.94 
30.72 

$24.29 

23.24 
83.55 
28.96 
23.07 
19.67 

$14.20 
15.62 
16.67 
16.  n 
21.66 
16.71 
11.23 

$10.22 

$7.84 

$36.30 

NAw|Cn£|ft^ 

19.18 

Middle  Atlantic. 

13.67 
8.20 
12.93 
11.65 

8.15 

30.77 

North  Centrat 

67.93 

T^i^fltatfs 

9.94 
7.41 
6.68 

87.62 

Sonth  Atlantic 

17.78 

Sooth  Central       

16.10 

Ne<r  England: 

n.65 

14.96 
13.70 
10.64 
82.08 
26.18 
17.89 

17.89 
34.06 
12.97 

19.47 
14.29 
37.48 

13.78 

New  Hampshire 

13.70 

Vfnnont. . 

32.28 
16.73 
83.91 

12.66 
36.57 
97.21 
35.86 

21.81 
47.91 
22.38 

19.04 
30.09 
35.79 
61.73 
84.16 

18.68 
31.65 
29.07 

28.10 
38.08 
28.04 
20.07 
24.38 
28.98 
16.90 

9.26 

16.62 
24.75 
24.84 
n.02 
19.34 
23.37 

12.62 

U4.43 

86.38 

RhndA  iffif^nd    . , 

83.86 

83.08 

Middle  Atlantic: 

New  York. 

64.20 

28.49 
48.12 
89.72 

62.86 
71.00 
63.63 
74.85 
54.64 

35.73 
64.88 
38.71 

62.62 
37.64 
36.11 
41.33 

27.20 

New  Jersey 

47.84 

'PfffiTlinrly^Ulhl , 

58.91 

68.11 
74.85 
118.41 
86.22 
66.07 

84.74 
60.08 
41.87 

13.67 

82.67 

North  CentraU 

Ohio. 

53.34 

fn^lAiM 

62.36 

Tllhiofff         

95.08 

Iowa. 

82.58 

MiMxui 

16.38 

16.25 
22.28 
22.90 

8.20 
17.41 

4L68 

Lake  States: 

N<cMffai          

82.48 

43.30 

Ifhumota 

12.72 

• 

9.94 

36.82 

Sooth  Atlantic: 

Delaware. 

83.63 

Maryland 

15.21 
16.15 
14.63 
16.  n 
21.01 
12.93 

10.03 

8.64 
11.64 
13.54 
10.47 

9.13 
13.58 

82.16 

VInrhite 

1L67 
22.49 
11.06 
11.76 
n.45 

9.06 

9.81 
9.07 
6.96 

7.83 
8.56 
8.32 

20.13 

Wt^yirgini^ 

60.85 

83.42 
4.66 
6.67 
6.13 

18.25 

20.65 

North  Carolina. 

16.29 

South  Carolina 

19.89 

Geonia. 

13.74 

Florida  (36  northern  coun- 
tlM) 

iai2 

Sooth  Central: 

Kentncky 

46.74 

86.57 
42.01 
88.70 
14.92 
27.19 
33.06 

31.88 

Tennwwe 

18.68 

Arkameff 

14.13 

4.81 
9.19 

10.46 

Hi(Pi<<f«*pp<  ... 

18.69 

rrmMma 

29.99 

17.99 

iNantodcet 
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The  general  rate  at  which  agricultural  development  took  place  be- 
tween 1880  and  1910  is  indicated  in  Table  3,  which  shows  what  pro- 
portion of  the  total  land  surface  was  in  farms  in  each  of  these  years. 
In  New  England  a  marked  decrease  took  place,  partly  on  account  of 
the  abandonment  of  rough,  unprofitable  farms.  There  was  also  a 
decrease  in  the  Middle  Atlantic  States,  and  it  is  apparent  that  the 
States  along  the  coast  from  Maine  to  New  Jersey,  having  developed 
their  farming  land  much  earlier  than  the  rest  of  the  country,  have 
tended  since  1880  more  toward  industrial  than  agricultural  develop- 
ment Only  in  New  England,  however,  has  the  decrease  in  the  pro- 
portion of  the  total  land  surface  in  farms  been  accompanied  by  an 
increase  in  the  pix>portion  of  farm  land  that  is  wooded. 

TmRTT  TEARS'  CHANGE  IN  WOODLOT  AREA. 

The  decrease  in  woodlotarea  from  1880  to  1890  (nearly  16  per  cent) 
was  most  rapid  in  the  three  divisions  which  now  have  the  smallest 
proportion  of  farm  land  in  woods.  This  is  shown  in  Table  4,  which 
gives  the  acreage  of  woodland  ^  in  1910  and  the  percentage  of  increase 
or  decrease  since  1880  for  each  State  and  division.  For  the  eastern 
States  as  a  whole,  the  decrease  amoimted  to  37  per  cent  in  Division 
1, 39  per  cent  in  Division  II,  and  18.5  per  cent  in  Division  III ;  while 
in  Division  IV  it  was  only  5.7  per  cent,  in  Division  V  0.8  per  cent,  and 
in  Division  VI  no  decrease  at  all,  but  an  increase  of  nearly  19  per 
cent  In  New  England  there  were  increases  in  Divisions  III  and  IV, 
due  chiefly  to  reforestation  of  abandoned  fields.  In  the  Lake  States 
the  great  increases  which  took  place  in  Divisions  HI,  IV,  V,  and  VI 
were  due  to  the  acquisition  by  settlers  of  portions  of  the  timberlands 
in  these  regions,  which,  in  their  new  status  as  farm  woodland,  are 
likely  to  repeat  the  history  of  the  woodlots  in  the  longer-developed 
regions. 

>  From  the  table  It  is  easy  to  determine  for  any  State  or  States  wblch  division  has  the 
iDost  farm  land.  Thas,  for  the  eastern  States  aft  a  whole,  and  for  New  England,  the 
Sooth  Atlantic,  the  South  Central  States,  and  Missouri,  it  is  Division  IV,  with  from  40 
to  60  per  cent  of  the  farm  area  In  woods.  In  Iowa  it  is  Division  I ;  In  the  Lake  States, 
Division  III ;  and  In  Ohio,  Indiana,  and  nilndB,  Division  U. 
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In  every  State,  except  Minnesota  and  Massachusetts  (Nantucket 
Island),  there  was  a  decrease  in  Division  I;  four  States' showed  in- 
creases in  Division  II  and  two  showed  a  marked  falling  off  in  Di- 
vision VI.^  In  most  of  the  States  the  decrease  was  more  rapid  in 
the  small  woodlot  than  in  the  large  woodlot  regions.  In  Iowa, 
where  over  half  the  farm  woodland  is  in  Division  I,  the  reverse  was 
the  case;  the  decrease  in  Division  I  was  only  4.4  per  cent,  while  in 
the  other  two  divisions  represented  it  was  27  and  21.2  per  cent,  re- 
spectively. This  would  indicate  that  ii)  Iowa  the  farmers  appreciate 
the  value  of  small  woodlots  more  than  in  many  other  States.  It  is 
partly  accounted  for  by  the  planting  of  prairie  windbreaks  and  tree 
plantations. 

Though  the  decrease  in  woodland  has  been  caused  chiefly  by  the 
need  of  land  for  cultivation  or  grazing,  a  great  deal  of  farm  land 
has  been  left  unimproved  when  cleared.  The  area  of  unimproved 
unwooded  farm  land  in  the  Eastern  States,  according  to  the  census 
of  1910,  is  40,429,951  acres,^  or  about  8  per  cent  of  all  farm  land. 
Between  1880  and  1910  this  land  increased  over  34  per  cent  in 
amount,  while  the  increase  in  total  farm  holdings  was  less  than 
12  per  cent.  It  is  true  that  some  of  this  increase,  especially  in 
regions  like  the  northern  part  of  the  Lake  States,  can  be  accounted 
for  by  the  acquisition  by  farmers  of  stump  lands  not  yet  in  shape 
for  cultivation.  Some  of  it  may  be  used  for  grazing,  but  not  a  large 
amount,  for  in  taking  the  census  statistics  pasture  land  was  usually 
classed  as  "  improved."  In  the  East,  as  a  whole,  it  is  probable  that 
the  greater  part  of  this  class  of  land  has  remained  idle,  partly  be- 
cause the  farmer  did  not  have  the  means  to  improve  it  and  partly 
because  it  was  too  poorly  drained,  too  steep,  or  too  stony  for  suc- 
cessful cultivation. 

The  acreage  of  unimproved  and  unwooded  land  in  1910,  its  pro- 
portion to  the  total  area  of  farm  land,  and  the  proportionate  increase 
or  decrease  since  1880  are  shown  for  each  State  and  division  in 
Table  5. 

^Ab  is  indicated  by  the  blank  upaces  in  the  table,  in  some  States  there  are  no  areas 
of  connty  sixe  in  several  of  the  dlyisions. 

"This  is  the  net  amount  after  making  tho  deduction  referred  to  in  the  footnote  on 
P*  8.  The  aggregate  area  of  unimproyed  and  unwooded  farm  land  in  these  States, 
u  giyen  in  the  census  of  1910,  is  40,770,678  acres. 
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Table  5. — Farm  land  unimproved  and  nnwooded  in  1910,  and  proportion  of 
increase  or  decrease  since  1880, 

[Minus  signs  in  front  of  per  cent  figures  indicate  a  decrease.] 


State  or  State  groups. 


Division  I. 


Unimproved  and  un- 
wooded  land,  1910. 


Acres. 


Eastern  United  States 6,757,560 


New  England 
MiddleAtlantic. 
North  Central. . , 

Lake 

South  Atlantic. . 
South  Central... 

New  England:  * 

Vermont 

Massachusetts.. 

Rhode  Island... 
Middle  Atlantic: 

New  York 

New  Jersey 

Pennsylvania... 
North  Central: 

Ohio 

Indiana 

Illinois 

•    Iowa 

Missouri 

Lake: 

Michigan 

Wisconsin 

Minnesota 

South  Atlantic:  > 

Delaware 

Maryland 

Virnnia , 

WestVirgiida.. 
South  Central: 

Kentudcy 

Tennessee 

Arkansas 

Alabama 

Mississippi 

Louisiana 


U,5e3 

164,819 

2,731,269 

2,453,616 

7,242 

399,030 


Per  cent 

of  total 

form  land. 


6.7 
51.2 

4.6 

4.7 
12.6 
12.2 

8.3 


11,503 


68,512 

**"  96*867' 

232,197 
107,664 
698,511 
1,687,121 
105,776 

844,117 

443,236 

1,666,268 


7,242 
243,587 


155,498 


51.2 


4.7 


4.6 

5.0 
3.9 
3.6 
6.0 
2.2 

18.9 
17.4 
U.5 


12.2 
5.6 


29.5 


Increase 

or 
decrease 

since 
l»n(per 

cent). 


3.9 
88.3 
83.4 

1.6 
16.2 
70.8 
48.2 


18.5 


90L4 

187.6 
44.4 

60.7 

-  14.8 

-  6L7 

118.1 


Division  n. 


Unimproved  and  un- 
wooded  land,  1010. 


70.8 
180.4 


-    7.2 


Acres. 


Percent 

of  total 

farmland. 


9,161,884 

20,337 

1,868,968 

3,172,487 

3,648,043 

130,740 

321,300 


4,866 
0,974 
6,497 

1,244,867 
96,836 
527,266 

1,202,268 
699,256 
557,635 
392,288 
421,066 

2,008,289 
796,926 
847,879 

20,729 

87,226 

7,500 

65,285 

126,838 
1,063 
8,346 
110,406 
87,484 
42,177 


Increese 

or 
decrease 

since 
1880  (per 

cent). 


8.1 
18.0 
10.2  ! 

5.1 
15.5 

4.8 

6.6 


9.8 
50.7 
U.7 

12.0 
6.8 
7.8 

6.8 
4.3 
6.0 
6.8 
8.2 

15.2 
15.1 
16.8 

8.8 
2.9 
L8 
5.9 

6.0 
1.8 
2.4 
11.2 
6.2 
7.6 


116.0 
44.5 
241.5 
103.7 
113.5 
94.2 
-    7.7 


19S.6 

6.5 
113.5 

283.9 
61.? 
221.7 

m.9 

65.5 
244.1 
87.6 

-  1&.8 

1412 
137.2 
65.4 

87.1 
58.9 

-  9.3 
218.4 

40.9 

785.8 

-85.4 

-80.4 

-  23.7 
-84.9 


1  Nantucket  Isktnd. 

s  The  States  in  this  group  in  which  woodlot  Divisfcnu  I  and  II  are  not  represented  are  omitted. 
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Table  5. — Farm  land  unimproved  and  unicooded  in  1910,  and  proportion  of 
increase  or  decrease  since  1880 — Continued. 


[Minus  signs  in  front  of  per  cent  figures  indicate  a  decrease.] 


State  or  State  group. 


Division  lU. 


UnimnroTed  and  un- 
woooed  land,  1910. 


Acres. 


Percent 

of  total 

Ciinnland. 


Increase 

or 

decrease 

since 


Division  IV. 


Unimproved  and  un- 
woooed  land,  1910. 


Acres. 


Percent 

of  total 

farmland. 


Increase 

or 
decrease 

since 
1880  (per 

cent). 


294,037 


Eastern  United  States 14,474,088 

New  England ,  2.457,056 

Middle  Atlantic 2,260,509 

North  Central I  850,417 

Lake 3,898,289 

South  AtlanUc 2, 216, 915 

South  Central :  2, 782, 502 

New  England: 

Maine 

New  Hampshire 

Vermont 

Massadiusetts 

Rhode  Island 

Connecticut 

Middle  Atlantic: 

New  York 

New  Jersey 

Pennsylvania 

North  Central: 

Ohio 

Indift"ft 

niiniris 

Iowa 

Missouri 

Lake: 

Michigan 

Wisconsin 

Minnesota 

South  Atlantic: 

Delaware 

Maryland 

Virginia 

West  Virginia. 

North  Carolina 

South  Carolina 


10.8 
26.6 
12.2 
5.1 
9.9 
7.0 
7.4 


50.4 
486.1 
181.6 
111.1 
112.2 

-  83.9 

-  .8 


9,701,982 

2,127,359 

224,047 

865,004 

942,313 

8,100,898 

2,942,861 


I 


I  (26  northern  counties). 

South  Central: 

Kentucky 

Tennessee 

Arkansas 


Mississippi. 
Louisiana.. 


1,316.547 

4n,612 

1,529 

367,331 

1,211,669 
120,151 
937,789 

137,270 
278, 141 
64,496 
145,965 
224,545 

729,325 
1,939,382 
1,220,582 

52,567 
122,642 
314,745 
168,927 

92,948 
495,835 
961,916 
7,335 

289,914 
634,138 
123,996 
640,146 
716, 177 
378,131 


24.1 


473.6 


83.0 
22.1 
16.0 
19.9 

12.9 
11.8 

n.6 

0.5 
6.2 
8.7 
9.5 
3.0 

26.7 
18.6 
19.7 

6.5 
4.9 
4.4 
4.4 
6.9 
11.2 
8.7 
4.4 

8.7 
5.9 
4.9 
10.3 
10.2 
11.5 


1,730.3 
225.6 
54.3 
147.8 

196.8 
101.4 
177.6 

198.7 
146.8 
181.4 
147.5 
89.5 

1,065.5 

in.6 

43.3 

7.1 
83.8 

-  12.7 
172.6 

-  14.9 

-  51.0 

-  41.9 

-  34.9 

17.2 
27.3 
50.9 

-  37.1 
17.1 

8.0 


866,544 
817,884 
141,501 
156,939 
72,029 
72,462 

152,646 
14,878 
56,528 

20,644 
12,719 
6,093 


826,548 

100,660 
595,337 
246,316 


74,806 
858,331 
283,239 
819,405 
468,840 
499,057 

97,221 

179,709 
451,252 
682,721 
600,488 
818,326 
219,865 


7.9 
20.5 
9.4 
4.1 
21.2 
6.6 
6.1 


17.0 
25.2 
22.9 
22.6 
18.6 
21.1 

12.1 
11.8 
5.6 

7.4 
5.9 
4.3 


4.0 

20.1 
21.9 
20.3 


5.9 
7.8 
6.6 
5.9 
7.6 
6.0 
4.5 

3.3 
5.8 
5.1 
6.3 
9.0 
4.5 


7.8 
271.4 
116.3 
221.0 
604.8 

-  89.4 

-  .7 


159.4 
601.9 
660.8 
175.2 
139.3 
340.6 

98.9 
167.0 
165.6 

20.6 

509.4 

87.9 


252.2 

1,462.6 
707.4 
860.2 


167.0 

-  48.7 
130.7 

-  46.0 

-  47.2 

-  37.3 

5.4 

-  2.7 
9.0 

86.5 

-  15.0 

6.0 

-  37.6 
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Table  5. — Farm  land  unimproved  and  unwooded  in  1910,  and  proportion  of 
incrcattc  or  decrease  since  IHSO — Continued. 

[MinuK  HignH  in  front  of  per  cent  flgures  Indicate  a  decrease.] 


Division  V. 

Division  VI. 

Total. 

Slate  or  State  group. 

Unimproved 

and  unwooded 

land,  1910. 

Increase 

or 
decrease 

since 
18S0<per 

cent). 

7.6 

Unimproved 

and  un- 
wooded land, 
1910. 

IncroQ.se 

or 
decrease 

sluce 

l&80(per 

cent). 

Unimproved  and 

unwooded  land, 

1910. 

In- 
crease 
or  do- 

.Veres. 

Per 
cent 
of 
total 
(arm 
land. 

3.9 

Acres. 

Per 
cent 

of 
total 
farm 
land. 

Acres. 

Per 
cent  of 
total 
form 
land. 

crease 
since 
1880 

(per 
cent). 

Eastern  United  States. 
New  England 

1,226,790 

107,038 

3.2 

50.3 

40,429,951 
4,606,345 
4,536,858 
7,132,501 

11.065.761 

8.2  1        34.4 
23.4        351  8 

Middle  Atlantic 

9,515 

13,324 

116,925 

590,299 

496,727 

5.5 
L7 
18.4 
3.3 
4.2 

139.9 
150.4 

'.'.,.'.'.'.'. 

10  5         192-11 

North  Central 

4.8          40.6 

Lake 

40,499.0 

-  28.6 

63.2 



6,675 

ft.  8 

16,759.0 

16.3  1        67.5 

South  Atlantic... 
South  Central 

81,075      3.0 
19,388      3.3 

88.0  !    6,127,169 
-  30.9  1    6,961,317 

6.0  :  -  34.9 
6.4  1          S.6 

1 

New  England: 

1                   i 

1,160,581        18.4 
817,884        25.2 

1,462,914        31.4 
646,118        22.6 
79,055        17.9 
439,733        30.1 

2,677,594        12.8 
231,865          9.0 

301.3 

New  narapshire ' ' ' 

601.9 

Vermont 

1,478.8 

Ma«wftchn!«ettfl.  ..J i.     .             ... 

185.0 

Rhode  Island 1 ' ' ' ! 

134.9 

CnnnATtiPiit .  .  .  ,        1                      '             '                      1                 • 

167.1 

Middle  Atlantic:           j                1          >                                       > 

New  York ' ' 1 

208.8 

New  Jersey i .    L.  .     

»%.9 

Pennsylvania 

North  Central: 

Ohio 

9,515  1    5.5  1        139.9 

__!... J 

t 

1,627,399 

1.592,363 
997,780 
1,326,735 
2,125,374 
1,090,249 

3.180,983 
3,774,880 
4,109,899 

73,296 
234,673 
1,209,678 
5351849 
1,174,334 
1,074,887 
1,652,666 

171,797 

883,080 
1,143,440 

828,311 
1,503,967 
1,665,665 

846,904 

8.7 

6.6 
4.7 
4.1 
6.8 
8.1 

16.8 
18.0 
14.8 

7.0 
4.7 
6.3 
5.8 
5.3 
&0 
6.3 

4.8 

4.0 
5.7 
4.7 
7.6 
9.0 
8.3 

101.0 

1           1 

242.0 

Indiana ' 1 ' 

80.8 

Illinois 1 ' 

113.0 

Iowa..'. 1...                                   ' 

—       .3 

MLuouri 13,324  '    1.7  1       i.^ft  •» 

9.4 

Lake: 

Michigan 3,641  ,  12.3 

; i 

200.6 

Wisconsin .    . 

]  ...  .     L. 

165.4 

Minnesota 113,2M  '  18.8 

South  AtlanUc: 

Delaware 

39,234.7  1    6,575 

6.8  '  16,759.9 

-       .4 
14.2 

Vnryli^tid 

64.  O 

Vir^nia 

29,102 

8,702 

253,257 

92,624 
146,560 

60,045 

43,037 
56,987 
118,248 

3.0 
L6 
3.6 
8.5 
2.6 

5.5 

L9 
3.0 
3.6 
6.5 
6.1 
4.5 

-  81.4 

-  15.4 

-  34.2 

-  41.4 
50.8 

212.4 

28.1 
125.2 

31.0 

94.9 
107.7 

24.3 

—  45.0 

West  Virginia 

North  Carolina.... 

South  Carolina 

Oeorria 

Ftorida  (26  north- 
em  counties) 

South  Central: 

Kentucky 

Tennessee 

2,454 
8,724 
17,588 
45,118 

7,196 

1.9 
3.2 
7.8 
2.4 

3.8 

87.3 
194.9 

51.6 
114.9 

14.9 

142.4 
-  41.7 
-48.1 
-85.7 

38.2 

34.3 

22.0 

ArkanffAft.     . 

37.0 

Alabama 

Mississippi 

145,907 
81,310 
51,238 

7,020 
12,368 

2.0 
6.1 

38.8 
-  45.3 

-  22.2 
11.5 

—  13.2 
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Under  proper  farm  management  land  not  suitable  for  cultivation 
or  pasturage  ought  to  be  kept  in  timber  and  made  to  contribute  to 
the  farm  income.  While  it  is  unavoidable  tjiat  financial  stringency 
or  exceptionally  high  prices  will  sometimes  occasion  the  sale  of 
woodlots  which  might  otherwise  be  directly  or  indirectly  a  source 
of  permanent  inccnne  to  the  farm,  it  is  too  often  the  case  that  the 
owners  are  easily  tempted  by  such  offers  and  do  not  stop  to  weigh 
them  against  the  greater  advantage  that  can  perhaps  be  secured  in 
the  long  run  by  leaving  the  woodlot  standing. 

Statistics  showing  the  actual  number  of  farms  which  have  wood- 
lots  are  not  available.  In  the  thickly  settled  regions  there  are  many 
small  farms,  and  some  of  fair  size,  which  have  no  woodlots,  but  this 
becomes  less  and  less  the  case  with  remoteness  from  the  more  densely 
populated  centers.  At  the  same  time,  the  average  size  of  the  wood- 
lots,  obtained  by  dividing  the  total  woodlot  area  by  the  total  number 
of  farms,  increases  from  the  least  to  the  most  wooded  farm  regions. 
This  is  shown  in  Table  6,  which  gives  the  average  woodlot  acreage 
per  farm  in  different  States  and  divisions  for  1880  and  1910.  The 
average  proportion  of  farm  land  wooded  is  shown  for  the  same  years 
in  Table  7. 
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INCBEASE  IN  VALUE  OF  WOODLOT  PRODUCTS. 

The  value  of  woodlot  products  cut  each  year  in  the  Eastern  States 
has  increased  rapidly.  Between  1880  and  1910  the  increase  was  over 
90  per  cent.  It  was  due  partly  to  the  rapid  rate  of  clearing  and 
partly  to  the  increase  in  the  intrinsic  value  of  the  products.  The  rate 
of  increase  varies  with  the  region.  In  thinly  settled  regions  it  is 
rapid ;  in  thickly  settled  regions,  slow.  This  is  shown  for  the  Eastern 
States  as  a  whole  and  in  geographic  groups  in  Table  8,  which  also 
gives  the  total  amount  of  income  from  woodlot  products  in  1909 
according  to  the  Thirteenth  Census,  the  percentage  of  farms  which 
reported  woodlot  incomes,  and  the  proportion  of  income  represented 
by  wood  sold  and  wood  used  on  the  farm.  As  a  rule,  less  than  half 
the  total  number  of  farms  reported  woodlot  products.  This  does 
not  mean  that  less  than  half  had  woodlots,  since  there  were  un- 
doubtedly many  farms  with  woodlots  which  cut  no  timber  in  that 
year. 


Table  8. — Total  value  of  woodlot  products,  1909,  with  increase  in  value  since 

1899  and  1879, 

(Compfled  from  Thirteenth  Census,  Vol  V,  Table  154.) 


State  groups. 


Propor- 
tion of 
farms  re- 
porting 
woodlot 
products. 


Value  of  woodlot  products. 


Total. 


Propor- 
tion used 
anfanns. 


Propor- 
tion sold. 


1899  1879 

(lOyears).  (30yeara). 


Increase  in  value 
since— 


Kastem  TTnlted  States. 

New  England 

Middle  Atlantic 

North  Central 

Lake  States 

South  Atlantic 

South  Central 


Percent, 
43.2 
61.5 
43.2 
31.8 
50.8 
60.3 
42.0 


$160,948,468 
17,664,763 
19,110,765 
26,746,377 
22,662,837 
44,010,178 
39,763,548 


Percent. 
52.7 
35.4 
48.0 
61.8 
57.6 
51.0 
55.6 


Percent. 
47.3 
64.6 
52.0 
38.2 
42.4 
49.0 
44.5 


Percent. 
70.5 
68.7 
30.7 
26.6 
39.4 
137.3 
113.4 


Percent, 
90.9 
78.8 
21.7 
11.9 
95.8 
213.1 
185.6 


The  last  two  columns  of  Table  8  show  that  the  greater  part  of  the 
increase  in  the  30  years  from  1879  to  1909  came  in  the  last  10  years. 
This  is  especially  strilring  in  the  case  of  the  Middle  Atlantic  and 
North  Central  States,  where  the  value  of  woodlot  products  was 
actually  greater  in  1879  than  in  1899.  This  is  perhaps  attributable 
chiefly  to  the  greater  aggregate  quantity  of  timber  cut  in  these 
States  in  the  former  year,  when  clearing  was  active.  The  great 
rise  in  the  last  10  years  was  due  primarily  to  the  general  rise  in 
value  of  wood  products,  though  partly  also  to  the  large  quantities 
of  wood  available  from  clearing. 

AMOUNT  AND  QUALITY  OF  WOODLOT  TIMBER. 

Though  the  area  in  woodlots  is  quite  closely  known,  the  total 
stand  of  woodlot  timber  can  only  be  estimated.     Such  an  estimate 
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was  made  in  1909.  ^  In  the  States  considered  in  this  bulletin,  about; 
40  per  cent  of  the  total  woodlot  area,  or  58,000,000  acres,  were  esti- 
mated to  contain  merchantable  timber  suitable  for  lumber,  veneer^ 
etc.;  about  45  per  cent,  or  65,200,000  acres,  had  cordwood;  and  about 
15  per  cent,  or  21,800,000  acres,  were  brush  land  of  only  potential 
value.  Assuming  that  the  average  stand  of  merchantable  timber 
is  3,000  board  feet  per  acre,  with  10  standard  cords  of  wood  in 
addition,  and  that  the  average  stand  in  the  woodlots  fit  for  cord- 
wood  only  is  8  cords  per  acre,  the  total  stand  would  be  174,000- 
000,000  board  feet  of  log  timber  and  about  1,100,000,000  cords  of 
other  wood.  According  to  this  estimate,  the  stand  of  log  timber 
alone  equals  15.6  per  cent,  or  nearly  one-sixth  of  all  standing  timber 
in  the  Eastern  States.  * 

A  large  proportion  of  the  woodlots  have  been  culled  of  their  best 
timber,  and  n^any  have  been  so  badly  depleted  by  overcutting,  graz- 
ing, and  fire  that  there  is  very  little  material  left  in  them  of  more 
rtian  firewood  value.  Ignoring  the  fact  that  many  of  the  large  com- 
mercial forests  have  suffered  in  the  same  way,  it  is  often  argued  that 
woodlot  timber  is  essentially  inferior  to  that  of  the  timber  forests 
and  that  it  is  suited  for  only  a  few  kinds  of  rough  products — rough 
lumber  for  farm  buildings,  cordwood  for  fuel,  posts  for  the  farm 
fences,  a  few  ties  and  poles  for  sale  to  railroad,  telegraph,  and  tele- 
phone companies,  etc.  This  argument  may  be  justified,  so  far  as 
lumber  is  concerned,  by  the  fact  that  farm  lumber  when  cut  and 
sold  by  the  owner  or  a  local  sawyer  is  apt  to  be  poorly  manufactured, 
poorly  graded,  and  poorly  seasoned ;  but  it  is  not  true  that  the  pro* 
ducing  value  of  woodlots  is  restricted  to  the  rough  products  above 
mentioned.  A  very  large  part  of  the  high-grade  hickory,  ash,  and 
white  oak,  now  becoming  scarce  because  of  their  extensive  use  in  the 
vehicle,  handle,  cooperage,  and  other  industries,  comes  from  wood- 
lots.  Many  woodlots  contain  timber  every  bit  as  good  as  that  in 
the  larger  tracts  and  fully  as  capable  of  yielding  high-grade  lumber 
if  properly  sawed  and  seasoned.  Throughout  the  Eastern  States 
woodlots  contain  large  quantities  of  pulpwood  suitable  for  paper 
making,  low-grade  lumber  for  boxes,  bolts  for  slack  and  tight  barrel 
cooperage,  and  excellent  log  and  bolt  material  of  many  species  for 
veneer.  There*  is  hardly  a  use  to  which  wood  is  put  that  can  not  be 
contributed  to,  liberally,  from  the  woodlot  supply.  That  fuel  is  a 
proportionately  large  part  of  the  woodlot  output  does  not  imply  that 
woodlots  run  more  largely  to  low-grade  material  than  the  larger 

»  "  standing  Timber  In  Woodlots,"  by  Wesley  Bradfleld.  in  Report  of  the  National 
Conservation  CommUision,  1909,  Vol.  II,  pp.  181-187. 

•The  total  stand  In  the  States  covered  by  this  bulletin  is  estimated  as  1,117,700,000,000 
board  feet  by  H.  S.  Betts  and  W.  B.  Greeley  ("  Structural  Timber  In  the  United  SUtes,** 
Sept.,  1915).  This  estimate  Is  based  largely  on  reports  of  the  Bureau  of  Corporation 
and  of  the  National  Conservation  Commission. 
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forests.     On  the  contrary,  it  may  signify  a  closer  utilization  of 
branches  and  small  or  inferior  trees. 

WHAT  THE  WOODLOT  PROMISES  FOR  THE  FUTURE. 

Since  anything  which  benefits  the  farms  contributes  to  the  general 
prosperity,  the  woodlots  must  be  considered  a  national  asset  from 
both  the  direct  and  the  indirect,  standpoints.  It  is  of  manifest 
advantage  to  have  maintained  throughout  the  country  small  bodies 
•of  timber  not  only  to  supply  the  local  demands  for  wood,  which  will 
increase  as  the  existing  large  bodies  of  timber  decrease  in  amount, 
but  also  as  a  possible  factor  in. preserving  good  climatic  conditions, 
in  checking  the  sweep  of  winds,  preventing  the  undue  washing  of 
soil,  and  in  contributing  an  object  of  variety  and  beauty  to  a  land 
surface  a  large  part  of  which  would  otherwise  be  bare  and  monot- 
onous. As  a  supply  of  wood  products  for  local  consumption  wood- 
lots  have  lessened  the  drain  on  the  general  markets  fed  by  the  large- 
scale  lumbering  operations  and  have  contributed  much  of  the  raw 
material  used  for  veneer,  vehicle,  cooperage,  and  handle  making, 
paper,  pulp,  and  excelsior  manufacture,  wood  for  fuel,  and  other 
important  uses. 

The  future  of  the  woodlot  can  be  predicted  with  some  degree  of 
assurance.  It  hinges  principally  upon  the  attitude  which  the  farm- 
ers will  take.  Except  in  New  England  and  a  few  smaller  regions  in 
which  raising  timber  in  woodlots  is  already  an  important  source  of 
farm  income,  most  farmers  are  still  prone  to  regard  their  woods  as  a 
transitory  asset  to  be  realized  once  only  when  the  land  is  finally 
cleared.  As  agricultural  development  proceeds,  the  decrease  in  the 
aggregate  area  of  farm  woodland  is  bound  to  continue ;  but  a  reduc- 
tion in  the  rate  of  decrease  can  be  expected  as  the  farmers  come  to 
realize  more  fully  the  advantages  of  owning  thrifty  woodlands.  The 
inaccurate  and  misleading  conception  of  the  woodlot  as  only  a 
temporary  asset  will  yield  to  an  increasing  appreciation  of  it  as  a 
growing  crop,  like  any  other  farm  crop.  Eventually,  a  relatively 
stable  condition  of  woodlot  area  will  probably  be  reached,  which  may 
vary  locally  according  to  local  demand  and  supply,  but  for  the 
country  as  a  whole  will  tend  to  remain  fairly  constant.  Farms  in 
hilly  or  mountainous  regions,  having  larger  proportions  of  until! - 
able  lands,  will  also  have  larger  woodlots  than  those  in  level  country ; 
but  even  the  latter  may  be  expected,  considering  their  nearness  to 
manufacturing  centers,  to  have  moderate  amounts  of  woodland  of 
high  producing  value. 

With  proper  treatment,  it  is  not  unlikely  that  the  woodlots  now 
existing  could  be  made  to  yield  perpetually  an  average  of  half  a 
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standard  cord  ^  of  wood  per  acre  per  year.  At  this  rate  an  aggre- 
gate annual  yield  of  71,500,000  cords  could  be  expected  in  perpetuity 
from  the  present  total  woodlot  area  of  143,000,000  acres.  To  equal 
the  total  income  from  farm  wood  as  reported  by  the  census  of  1910, 
the  value  per  cord  would  have  to  be  only  $2.38. 

If  it  is  assumed  that  the  permanent  woodlot  area  of  the  future  will 
amount  to  an  average  of  10  acres  per  farm  *  or  a  total  for  the  Eastern 
States  of  49,030,850  acres  (based  6n  the  number  of  farms  in  1910),^ 
the  sustained  annual  yield  supported  by  a  growth  of  one-half  cord 
per  acre  per  year  would  aggregate  24,515,425  cords.  In  order  to 
equal  the  income  from,  woodlots  in  1910  the  value  per  cord  would 
have  to  be  $6.93,  nearly  three  times  as  great  as  that  previously  as- 
sumed; but  it  is  not  improbable  that  future  stumpage  values  will 
rise  to  this  or  even  to  higher  levels. 

As  the  population  increases  farming  tends  to  become  more  inten- 
sive and  the  application  of  scientific  principles  to  farming  more 
essential.  These  principles  involve,  above  all,  the  careful  study  of 
the  productivity  of  the  various  kinds  of  soil  on  the  farm  and  the 
choice  for  each  kind  of  soil  of  the  kind  of  crop  best  adapted  to  it. 
This  means  that  wood,  considered  as  a  farm  crop,  will  be  raised  only 
on  soils  which  can  not  be  made  to  yield  a  greater  revenue  from  some 
other  crop.  In  the  pioneering  stage  of  agriculture  wood  has  had, 
and  in  many  sections  still  has,  a  very  low  value  compared  with  other 
crops  which  might  be  raised  on  much  of  the  same  land.  In  the  more 
thickly  settled  regions,  however,  its  relative  value  has  increased  in 
the  past,  and  as  the  population  becomes  dense  and  the  present  large 
timber  supplies  fail  this  value  may  be  expected  to  increase  still  more 
in  relation  to  other  crops.  In  other  words,  the  quality  of  soil  on 
which  it  will  be  profitable  to  keep  woodlots  for  productive  purposes 
alone  may,  in  the  light  of  future  intensification  of  agriculture,  be 
higher  than  one  would  be  likely,  at  first  glance^  to  suppose.  This 
presupposes,  of  course,  as  high  scientific  thought  and  attention  to 
the  woodlot  in  the  selection  of  species,  stimulation  of  growth,  and 
other  silvicultural  treatment  as  would  be  given  any  of  the  other  farm 
crops  by  a  fanner  bent  on  getting  the  most  out  of  every  square  rod  of 
his  land. 

As  an  immediate  measure  too  much  emphasis  can  not  be  placed  on 
the  importance  to  farm  and  community  alike  of  retarding  to  a  rea- 

^  A  standard  cord  Is  a  pile  of  wood  in  4-foot  lengths,  measuring  8  by  4  by  4  feet,  and 
containing  128  cubic  feet.  The  cord  unit  In  used  here  to  represent  grrowth  not  only  in 
fuel  wood,  but  also  in  logs,  poles,  and  other  high-grade  forms  customarily  measured  in 
board  feet  or  other  units.  This  should  be  borne  in  mind  with  reference  to  the  prices  per 
cord  which  follow;  these  would  of  course  be  excessive  for  ordinary  cordwood.  In 
medium-sized  or  small  timber  1,000  board  feet,  Scribner,  are  usually  considered  eqaivalent 
to  from  2  to  5  cords  of  cordwood. 

*The  present  ayerage  is  20.2  acres.     (See  Table  6.) 
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sonable  extent  the  process  of  shrinkage  in  farm  woodlands.  Over- 
mature and  decaying  woods,  it  is  true,  must  often  be  cut  at  once  to 
secure  any  return  from  them,  and  financial  stringency  may  force  the 
sacrifice  of  young,  thrifty  stands  without  suitable  provision  for  secur- 
ing a  new  growth  at  least  equally  good.  Clearing  under  these  condi- 
tions is  inevitable.  But  there  is  a  pronounced  tendency,-  especially 
upon  transfers  of  title  to  farm  property,  to  clear  land  recklessly  for 
whatever  small  value  is  offered.  This  is  shown  by  the  great  increase 
in  unimproved  lands  without  woods,  which,  according  to  Table  5, 
amounted  to  34  per  cent  in  the  30  years  between  1880  and  1910.  By 
cooperation  in  control  of  farm  property  this  situation  might  in  large 
measure  be  rectified. 

WOODLOTS  AND  COMBfUNITT  FORESTS. 

The  highest  direct  value  of  woodlots  is  to  the  local  communities. 
Census  statistics  for  1909  show  that  the  farms  themselves  consumed 
over  half  the  value  of  the  woodlot  products.  Of  the  material  sold 
much  undoubtedly  went  to  near-by  farms,  or  to  local  dealers  in 
lumber  and  fuel,  to  be  retailed  for  consimiption  in  the  neighborhood. 
A  great  many  small  veneer,  vehicle,  cooperage,  and  other  factories 
derive  their  entire  supply  from  local  woodlots. 

There  is  thus  every  incentive  for  communities  to  encourage  the 
development  of  local  woodlots  and  thereby  protect  themselves  from 
future  timber  scarcity  and  high  prices.  Several  States  have  already 
taken  steps  in  this  direction  by  passing  laws  providing  for  a  final 
yield  tax  on  timber  when  cut  instead  of  the  annual  taxation  still 
customary  in  many  States.  Such  legislation,  together  with  the 
gradually  increasing  value  of  timber,  appeals  to  the  individual 
farmers  and  will  doubtless  encourage  many  of  them  to  practice  wood- 
lot  forestry.  But  in  order  to  insure  a  perpetual  annual  yield  of 
timber  in  desirably  forms  and  in  substantially  equal  quantities  other 
steps  are  necessary.  Timber  is  a  "  long-time  "  crop.  To  secure  an- 
nual yields  of  any  size  a  comparatively  large  aggregate  area,  man- 
aged under  a  single  working  plan,  is  essential,  though  the  timber 
may  be  divided  among  many  small,  isolated  tracts.  The  individual 
fam^er  can  not,  therefore,  practice  forestry  as  a  business  except  in 
a  small  way.  It  is  possible  that  individuals  may  occasionally  be 
induced  to  pool  their  woodlot  properties  under  a  single  system  of 
operation.  This  may  work  out  in  connection  with  the  development 
of  the  present  cooperative  movement  among  farmers.  It  is  probable, 
however,  that  in  the  future  a  separate  class  of  forest  holdings,  com- 
munity or  town  forests,  intermediate  in  character  between  the  farm 
woodlot  and  the  larger,  more  remote  bodies  of  timber,  will  afford 
permanent  annual  supplies  of  wood  products  to  local  communities. 
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Europe  affords  many  illustrations  of  successful  communal  forests.* 
In  France,  for  example,  over  11,000  communities  have  forests,  with 
an  aggregate  area  of  5,000,000  acres — ^nearly  a  quarter  of  the  total 
forest  area  of  the  country.  In  Austria  over  3,000,000  acres,  in  Ger- 
many 5,600,000  acrej,  and  in  Switzerland  nearly  1,350,000  acres  he- 
long  to  communities.  Italian  communal  forests  form  over  43  per 
cent  of  the  total  forest  area.  The  amount  of  woodland  owned  by  a 
single  community  varies  from  2i  to  over  15,000  acres.  In  Prussia 
the  size  averages  about  2,000  acres,  but  this  is  probably  the  highest 
for  all  Germany. 

The  income  from  European  communal  forests  is  very  large  con- 
sidering the  poor  quality  of  soil  on  which  the  timber  thrives.  The 
better  managed  of  them  vield  annually  a  net  income  of  from  $7  to 
over  $10  per  acre.  The  average  gross  revenue  from  2,000  acres 
would  be  about  $6,500,  and  it  is  not  surprising  to  find  communities 
that  derive  from  these  forests  a  revenue  sufficient  not  only  to  pay 
all  the  taxes  corresponding  to  our  county,  town,  and  school  taxes, 
but  to  yield,  in  addition,  an  annual  dividend  to  every  householder. 
From  the  2,500  acres  of  timber  owned  by  the  Swiss  city  of  Zurich, 
for  example,  the  net  income  has  averaged  as  much  as  $20,000  per 
year  for  a  period  of  10  years;  and  Freiberg,  in  Gerijiany,  derives 
from  $20,000  to  $30,000  annually  from  its  3,000-acre  woodlot.  It  is 
estimated  that  the  5,600,000  acres  of  communal  forest  in  Germany 
yield  annually  a  net  income  of  $9,250,000,  which,  capitalized  at  even 
8  per  cent,  represents  a  property  worth  $308,000,000. 

Though  the  returns  mentioned  above  are  undoubtedly  far  in 
excess  of  any  which  could  be  obtained  in  this  country  for  years  to 
come,  they  at  least  indicate  a  great  possibility  for  the  future  develop- 
ment of  the  American  woodlot.  There  are  always  soils  available 
which  are  too  poor,  swampy,  or  steep  for  cultivation,  orchard,  or 
even  pasture,  and  it  is  on  these  that  tree  growth  can  be  practiced 
with  success.  Already  there  are  more  than  60  American  cities  and 
towns,  situated  in  10  or  15  States,  which  have  acquired  municipal 
forests  ranging  in  area  from  50  to  25,000  acres.^  While  the  primary 
object  of  these  holdings  is  ordinarily  to  protect  water  supplies  from 
contamination,  many  of  them  are  already  being  carefully  managed, 
and  it  is  only  a  question  of  time  when  many  will  yield  a  direct  income 
over  and  above  their  value  for  protection. 

WOODLOTS  AND  PUBLIC  FORESTS. 

The  largest  share  of  the  timber  for  consumption  in  the  future  must 
unquestionably  be  grown  on  areas  set  aside  as  National  and  State 

^  The  fibres  which  follow  are  taken  from  "  Communal  Q^orests/'  by  Bapbael  Zoo,  iB 
Bailey's  "Cyclopedia  of  American  Agriculture,"  Vol.  IV,  pp.  144-148;  1909. 

*  See  •'  County,  City,  Town,  and  School  Forests,"  by  Prof.  J.  W.  Toomey,  iii  Ameri- 
can Forestry,  July.  1916,  pp.  428-429. 
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forests,  or  areas  managed  by  stable  and  long-lived  corporations. 
Such  forests  can  be  located  only  in  nonagricultural  regions,  or  at 
least  in  regions  in  which  soil  for  practicable  cultivation  is  confined 
to  small  and  widely  separated  areas.  Usually  these  forests  will 
combine  the  functions  of  timber  raising  with  those  of  watershed 
protection,  recreation,  and  other  purposes.  Incidentally,  they  may 
serve,  like  the  woodlots,  as  means  of  ameliorating  the  climate  of 
regions  lying  to  the  leeward. 

In  farming  regions  adjacent  to  public  forest  areas,  the  large  sup- 
ply of  available  timber  will  make  farm  woodlots  of  relatively  minor 
importance  compared  with  those  farther  from  the  large  forests  and 
closer  to  manufacturing  centers.  In  such  situations,  the  woodlot 
will  more  than  ever  be  relegated  to  the  poor  farm  lands  which  can 
not  be  used  to  advantage  for  other  purposes;  but  as  compared  with 
existing  woodlots  in  mountainous  regions,  the  value  under  future 
conditions  of  demand  and  supply  will  probably  be  a  sufficient  incen- 
tive to  the  care  and  practical  management  of  even  the  mountain 
woodlot  as  a  valuable  farm  crop.  • 

The  solution  of  the  problem  of  timber  production  in  the  East  will 
undoubtedly  be  a  combination  of  all  the  classes  of  ownership  above 
outlined.  Each  erne  has  its  distinct  place,  and  the  private  or  com- 
munal woodlots  as  a  source  of  many  kinds  of  timber  for  many  uses 
will  serve  to  fill  varied  local  demdnds  and  thereby  reduce  the  drain 
on  the  larger  bodies  of  forest. 

THE  WOODLOT  AS  A  FARM  RESOURCE. 

The  value  of  woodlots  to  farms  includes  not  only  the  direct  in- 
come value  from  the  wood  products  which  are  or  might  be  produced, 
but  also  a  variety  of  indirect  benefits,  such  as  the  protection  of  stock, 
crops,  and  buildings  from  sun  and  wind,  prevention  of  soil  erosion, 
renewal  of  worn-out  soils,  improvement  to  the  appearance  of  the 
farm,  etc.  Thus  a  woodlot  may  at  the  same  time  increase  the  gen- 
eral prosperity  of  the  farm,  add  to  its  comfort  as  a  home,  and  en- 
hance its  value  as  an  investment.  In  some  parts  of  the  country  the 
indirect  uses,  though  not  measurable  in  dollars  and  cents,  are  even 
more  valuable  than  the  direct  wood-producing  function  of  the  wood- 
lot  ;  but,  since  they  are  more  or  less  intangible,  farmers  are  likely  to 
neglect  them  in  deciding  whether  to  preserve  or  clear  away  tiieir 
woodlots. 

The  farmer  has  a  permanent  interest  in  his  property,  and  it  is  to 
his  advantage  to  increase  its  value  both  as  a  present  home  and  as  an 
inheritance  for  his  children.  In  both  respects  a  farm  with  a  well- 
tended  and  well-proportioned  woodlot  is  worth  more  than  one  with- 
out, over  and  above  the  stumpagte  value  of  the  trees  themselves.    It 
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has  been  estimated  that  in  parts  of  Minnesota  woodlots  as  small  as 
5  acres  will  increase  farm  values  by  $500,  and  this  is  probably  a 
conservative  estimate  for  the  country  as  a  whole. 

As  a  producing  crop  the  woodlot  is  valuable  mainly  as  a  "poor- 
land  crop,"  yielding  a  higher  income  than  other  crops  from  soil  too 
steep,  stony,  swampy,  or  "worn  out"  for  successful  cultivation. 
In  pioneering  regions  much  good,  tillable  soil  besides  must  often 
remain  for  years  uncultivated,  owing  to  lack  of  means  to  improve  it. 
It  is  a  mistake  to  clear  such  land  in  advance  of  the  farmer's  ability 
to  put  it  into  crops,  unless  very  good  prices  are  offered  for  the  timber. 
Even  when  profitable  sales  are  made,  part  of  the  woodlot  can  be 
left  and  improved  by  the  taking  out  of  only  a  designated  portion  of 
the  trees.  When  high  prices  for  wood  become  general,  little  addi- 
tional incentive  will  be  needed  to  preserve  and  improve  the  woodlots. 

In  thinly  settled  regions  and  in  some  of  the  States  as  a  whole 
woodlot  products  yield  a  very  considerable  part  of  the  total  farm 
income.  In  New  Hampshire  and  Vermont,  for  example,  woodlot 
products  are  the  second  most  important  farm  crop ;  in  Maine,  South 
Carolina,  Georgia,  Alabama,  Mississippi,  and  Arkansas,  they  are  the 
third.  Where  farming  is  in  a  pioneering  stage,  the  sale  of  wood  is 
very  often  the  determining  factor  which  enables  the  farmer  to  tide 
over  the  first  years  during  which  he  has  not  enough  land  in  cultiva- 
tion to  support  him.  How  the  Woodlot  income  compared  in  1909 
with  the  total  farm  income  in  different  regions  in  each  State  is  shown 
in  Table  9.  The  relative  importance  of  woodlot  products  as  a  source 
of  income  is  well  brought  out  in  the  case  of  Minnesota,  for  example, 
where  it  was  progressively  greater  from  Division  I,  with  1  per 
cent  of  the  total  farm  income,  to  Division  VI,  where  it  formed  nearly 
45  per  cent. 

Table  9. — Woodlot  income  in  per  cent  of  total  income,  1910, 

(Based  on  Averages  of  census  returns  from  480  oonntles  chosen  at  random  from  the  woodlot  dhrlsloos  la 

each  State.] 


Proportion  of  total  farm  income,  1910. 

State  or  State  group. 

Division 
I. 

Division 

n. 

Divl^Uon 

Division 
IV. 

Division 
V. 

Division 
VL 

Total. 

Eastern  United  States 

Percent. 
1.3 

Percent. 
3.2 
1.6 
3.6 
2.8 
3.7 
3.9 
2.3 

Per  cent. 
6.6 
10.8 
7.4 
6.0 
6.6 
4.6 
3.9 

Percent. 

9.1 
14.4 
12.4 

6.6 
17.2 

7.3 

6.7 

Percent. 
11.0 

PercenL 
19.1 

Percent, 
5l2 

New  England... 

12  6 

MiddieAtiantic. .:::::::: 

i.6 
1.0 
1.7 

20.5 
7.3 

35.0 
9.3 

11.7 

4  6 

North  Central 

2.S 

Lake  States. 

44.8 
18.4 

S.2 
«.4 
5.3 

South  Atlantic ,'..'. 

SouthCentral 

1.8 

New  England: 
Maine 

13.6 

13.0 
22.1 
16.1 
8.3 
13.9 
13.6 

13.1 
22.1 
12.9 
10.1 
7.8 

New  Hampshire 

Vermont 

11.6 
10.7 
1.7 
8.9 

Massachusetts 

Rhode  Island 

Connecticut 

1.6 

9.7 
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Table  9. — Woodloi  income  in  per  cent  of  total  income,  1910 — Continued. 


Pn^Mrtion  of  total  hrm  Inoome,  19ia 

State  or  State  group. 

Division 
I. 

Division 

n. 

Division 

m. 

Division 
IV. 

Division 
V. 

Division 
VI. 

TotaL 

Middle  Atlantic: 

New  York. 

Percent. 
1.1 

Percent. 
4.1 
2.0 
3.4 

3.6 
3.5 
1.8 
2.4 
3.3 

4.7 
3.6 
3.0 

1.8 
5.0 

Percent 
8.8 
1.8 
7.3 

5.2 
6.5 
2.9 
4.5 
6.2 

11.2 
7.3 
4.6 

6.8 
4.9 
6.8 
7.1 
6.8 
2.2 
8.9 
6.8 

8.2 
4.1 

4.8 
8.1 
2.1 
2.4 

Percent. 
15.2 
2.6 
13.5 

3.5 
6.7 

Percent. 


Percent. 

Percent. 
5.4 

New  Jersey 

1.9 

PeiiDsyiyfinfai 

1.8 

1.6 
1.0 
.7 
1.0 
1.0 

4.1 
2.1 
1.0 

20.5 

4.3 

North  Central; 
^hlo 

3.1 

Tn<1liinA  . 

3.1 

ininois    . 

1.2 

Iowa 

2.0 

MisBOuri 

11.6 

20.2 
22.1 
9.8 

7.3 
28.4 

3.7 

LAke  States: 

ifff^higAn 

6.4 

Wisconsin 

6.0 

MlnnARotA... 

35.8 

44.8 

8.9 

Sooth  Atlantic: 

Delaware 

3.8 

i#wy»*nH  .. 

•12.2 
11.4 
13.4 

7.9 
3.0 
5.8 
8.4 

11.0 
9.4 
5.6 
5.5 
6.5 
4.6 

6.5 

V<rrinK 

9.0 
27.1 
10.4 

5.2 
14.0 
20.4 

23.3 
11.3 
10.6 
7.9 
8.6 
11.8 

8.6 

WflPt  Vhrinfft 

7.2 

10.4 

North  Carolina 

8.4 

South  Carolina 

16.6 
21.2 
16.6 

3.3 

Qeon^a. 

6.3 

Florida  (northern  part) 

11.6 

Booth  Central: 

1.9 

2.1 

7.0 

Tennewf^^ , 

6.2 

Arkansas 

6.2 

AMtmrna.  /. , 

2.3 

4.4 

4.8 

liOuisiaha. ... 

1.5 

.5 

3.4 

The  value  to  the  individual  farm  of  the  woodlot  products  reported 
to  the  1910  census  averaged  $81.  In  order  to  ascertain  the  approxi- 
mate values  per  farm  of  the  amounts  which  were  either  sold  or  con- 
sumed on  the  farm  in  the  different  woodlot  divisions,  450  counties 
were  chosen  at  random  from  the  different  divisions  in  each  State. 
The  total  values  for  each  county  were  divided  by  the  number  of 
farms  reporting.  On  the  average,  less  than  half  of  all  the  farms 
reported,  so  that  the  average  income,  based  on  all  the  farms  in  the 
counties,  would  have  been  smaller.  The  average  total  value  per 
farm  reporting  ranged,  as  a  rule,  from  about  $80  to  over  $400, 
smallest  in  the  counties  in  woodlot  Division  I  and  largest  in  those 
in  Division  VI.  The  average  values  of  the  amounts  used  on  the 
farms  were  exceedingly  constant  throughout  the  woodlot  divisions. 
The  values  of  the  amoimts  sold,  on  the  other  hand,  were  naturally 
much  the  greatest  in  the  thinly  settled  divisions.  Table  10  gives  the 
value  per  farm  of  the  products  used  and  sold  in  the  selected  counties, 
according  to  division  and  State. 
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Table  10. — Average  value  per  farm  of  woodlot  products  used  on  farm  and  those 

sold,  in  1910. 

[Based  on  averages  of  census  returns  from  450  counties  at  xandom  from  each  woodlot 

division  in  each  State.] 


Value  per  farm  reporting. 

State  or  State  group. 

Division  I. 

Division  II. 

Division  m. 

Division  IV. 

Total. 

Used 

on 

farm. 

Sold. 

Total. 

Used 

on 

farm. 

Sold. 

Total 

Used 

on 

farm. 

Sold. 

Total. 

Used 

on 

farm. 

Sold. 

Eastern  United  States 

New  F.ngi^ti 

169 

$47 

%ii 

174 
76 
84 
60 
71 

112 
54 

$47 
40 
48 
43 
60 
66 
45 

se 

S6 

ge 

gi 

46 

9 

$90 
ISO 
110 
70 
78 
65 
66 

$42 
52 
46 
39 
46 
39 
39 

tS8 
78 
64 
SI 
g? 
g6 
g? 

$98 

162 

106 

71 

188 

81 

64 

$42 

58 
40 
38 
48 
39 
36 

$5/ 

104 

66 
SS 

Middle  Atlantic 

North  Central 

78 
•1 

39 
49 
46 

so 

Lake 

90 

South  Atlantic 

n 

South  Central 

75 

62 

IS 

New  England: 

Maine 

119 

• 
47 

7g 

141 
218 
197 
164 
186 
177 

104 
58 
122 

71 
55 

66 
68 
82 
39 
32 
49 

47 

i 

.  32 
32 

85 

New  Hamnshire  .... 

160 

Vermont 

149 
146 
128 
107 

114 
102 
106 

72 
66 

66 

78 
70 

108 

'     81 

58 

67 
81 
75 
72 
46 
49 
62 

118 

104 
48 
78 
58 
84 

109 

66 
49 
61 
46 

66 
39 
35 

31 
27 
35 
59 
47 

42 
54 
36 

28 
46 
27 
30 
38 
40 
66 

60 

61 
30 
51 
37 
27 
54 

8S 
97 
77 
61 

68 
6S 
71 

SI 
19 

gs 

66 
g7 
17 

S9 
SS 

48 

1 

9 

6 

58 

SS 
18 
gg 

gl 

7 

SS 

US 

Massachusetts 

igs 

Rhode  Island 

76 

40 

S6 

104 
lg8 

Connecticut 

Middle  Atlantic: 

New  York 

67 

46 

u 

87 
62 

86 

68 
85 
61 
68 

68 

87 
67 
68 

56 
150 

55 
32 
37 

36 
47 
39 
50 
49 

49 
64 
45 

42 
93 

Sg 
SO 
49 

Sg 
S8 
gg 
IS 
19 

S8 
IS 
18 

ST 

New  Jersev 

gl 

Pennsylvflnii^. .  

78 

75 
7» 
68 
75 
66 

76 
60 
52 

37 

62 
40 
44 
65 
60 

52 
47 
40 

S6 

gs 

S9 
t4 
SO 
16 

'A 

IS 

94 
SB 

North  Central: 

Ohio 

Indiana 

ts 

Tllfnnfai 

Iowa 

*f  iMJAUri 

90 

186 

156 

92 

60 

65 
47 
49 

iSt 

MfnhtgftTI 

Wlsccmsin 

109 

MfnnMntfi 

4S 

South  Atlantic: 

Delaware 

Maryland 

186 

89 
105 
65 
51 
82 

188 

75 
55 
57 
59 
62 
102 

60 
29 
41 
34 
30 
62 

87 

34 
31 
32 
36 
44 
47 

86 

Vii^iiK 

60 

West  Vlrgfaiia 

160 

62 

98 

S 

North  Carolina 

South  Carolina 

gl 

QeoKJa 

90 

Floriaa   (36   northern 
coiintie9). ,  -  T 

101 

South  Central: 

Kentucky 

9S 

79 

19 

85 

66 

19 

41 
94 

gs 

T^n<^Mee. .  

ArlrftJiMM.,. 

Alabama 

82 

30 

g 

MS 

Mississippi 

18 

80 

29 

1 

47 

41 

6 

SS 
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TIblb  10. — Average  value  per  farm  of  tooodlot  products  used  on  farm  and  those 
sold,  in  1910 — Continued. 


[Based  on  averages  of  census  returns  from  450  coantles  at 

division  In  each  State.] 
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Compared  with  other  crops,  woodlots  need  very  little  attention. 
The  growth  is  laid  on  year  after  year  without  cultivation,  and  the 
occasional  thinnings  which  are  necessary  to  increase  the  growth  of 
the  better  trees  can  be  made  to  pay  for  themselves  in  cash  or  in 
wood  for  farm  consumption.  If  mature  trees  are  to  be  removed 
for  sale,  the  work  can  be  done  at  any  time  when  other  farm 
work  is  not  pressing.  An  important  feature  is  that  farm  labor  and 
teams  can  thus  be  utilized  during  periods  when  otherwise  they  might 
be  idle.  In  effect  this  increases  the  income  to  be  expected  from  the 
woodlot  and  thus  raises  the  value  of  the  standing  timber. 
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The  attitude  of  farmers  toward  their  woodlots  probably  differs  a 
great  deal  in  different  regions.  Those  functions  of  the  woodlot 
which  are  of  most  value  at  a  given  time  and  place  are  emphasized, 
and  other  valuable  functions  perhaps  not  recognized  at  all.  Where 
agriculture  is  entering  heavily  wooded  regions'  in  which  cleared 
land  is  at  a  premium  and  wood  is  cheap,  timber  is  likely  to  be  con- 
sidered only  an  incumbrance,  or  at  best  as  a  means  of  eking  out  a 
livelihood  until  the  cleared  and  cultivated  land  becomes  sufficiently 
productive.  In  long-settled  farming  regions,  where  woodlots  have 
been  overcut,  overgrazed,  or  repeatedly  burned  until  only  a  few 
defective  trees  are  left,  the  farmer  may  prefer  to  save  the  remnant 
simply  for  the  shade  it  gives  to  stock  or  buildings,  or  for  some  senti- 
mental reason.  In  prairie  country,  protection  to  grain  crops,  or- 
chards, stock,  or  buildings,  together  with  service  as  a  convenient 
supply  of  wood  for  farm  consumption  may  cause  owners  to  place 
a  high  value  on  their  woodlots.  In  mountainous  regions  near  thickly 
populated  manufacturing  centers,  as  in  New  England,  the  woodlot 
may  be  valued  for  its  wood-producing  capacity  alone.  The  tempta- 
tion is  to  underestimate  those  functions  of  the  woodlot  which  are 
not  obviously  beneficial  under  the  conditions  existing  in  the  imme- 
diate locality.  These  less  obvious  functions  are  often  the  very  ones 
which  are  likely  to  prove  of  the  greatest  value  in  the  long  run.  For 
example,  many  of  the  Minnesota  farmers  who  totally  cleared  their 
lands  would  be  glad  to  have  their  woodlots  back  again  if  only  for 
protective  purposes,  and  farmers  in  the  Central  States  already  regret 
the  abuse  which  has  spoiled  their  woodlots  as  productive  agents  of 
increasing  value  on  the  poorer  soils  of  the  farm. 

It  is  therefore  greatly  to  the  interest  of  all  woodlot  owners  to  con- 
sider thoroughly  not  only  the  present  but  the  possible  future  use- 
fulness of  their  timber  from  every  point  of  view.  Circumstances, 
such  as  the  need  of  ready  cash  in  "  hard  times,"  may,  of  course,  make 
it  necessary  or  advisable  to  sacrifice  the  woodlot,  even  though  the 
loss  to  the  farm  is  greater  than  the  immediate  cash  income  from  the 
wood  products.  Clearing  of  excess  woodlands  is  necessary  when  the 
soil  can  be  put  to  a  more  paying  use,  for  cultivation,  pasture,  or 
orchard.  The  point  is  that  before  cutting  off  his  wood  the  farmer 
should  carefully  weigh  its  value,  in  all  its  phases,  against  the  income 
which  he  can  hope  to  make  from  the  contemplated  use  of  the  soil.  He 
should  not  clear,  if  he  can  help  it,  unless  the  balance  stands  unmis- 
takably against  the  timber. 

HOME  SUPPLY. 

Most  farms  use  yearly  a  great  deal  of  wood,  which  must  be  bought 
if  it  is  not  taken  from  the  woodlot.  Firewood,  lujtnber,  fencing,  and 
poles  are  the  forms  in  which  the  woodlot  material  is  most  used,  but 
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there  are  many  other  products  for  special  uses  and  emergencies  which 
the  woodlot  supplies.  Substitutes  for  wood  are,  of  course,  coming 
more  and  more  into  use.  Rail  fences  have  long  been  displaced  in 
general  use  by  wire  fencing,  and  steel  and  cement  fence  posts  are 
growing  in  favor  in  many  regions.  Coal  is  used  for  fuel,  and  con- 
crete for  construction.  In  general,  however,  the  woodlot  products 
have  the  advantage  of  cheapness  and  ready  availability.  The  wood- 
lot  thus  has  a  "  convenience  value ''  apart  from  its  intrinsic  value. 

Firewood. — ^The  largest  "home  use''  of  the  woodlot  is  for  fire- 
wood. In  a  study  by  the  OflSce  of  Farm  Management,^  U.  S.  De- 
partment of  Agriculture,  of  the  ways  in  which  the  farm  contributes 
to  the  farmer's  living,  the  average  amounts  and  values  of  wood  and 
coal  used  on  farms  for  fuel  were  determined  for  various  States.  The 
averages  were  based  on  satisfactory  records  obtained  from  483 
families  visited,  distributed  fairly  evenly  through  10  areas  in  as 
many  States,  representative  of  the  kind  of  agriculture  practiced  in 
the  regions.  For  those  of  the  10  States  covered  which  fall  within 
the  scope  of  the  present  bulletin  the  average  amounts  and  values 
were  as  shown  in  Table  11. 


Table  11. — Average  annual  consumption  of  coal  and  wood  on  farms  in  eight 
States,  with  the  proportion  of  wood  bought  and  the  proportion  furnished  by 
the  farm} 

(The  amount  of  wood  is  expressed  in  the  standard  cord;  that  is,  tbeamount  contained  in  a  pile  8  feet  long 
by  4  feet  high  and  4  feet  wide.    This  is  equivalent  to  3  cords  of  "stove-wood  "  (16-inch  lengrths).] 


Cool. 

Wood. 

State  and  county. 

Per  family. 

Per  family. 

Per  person. 

Bought. 

Furnished 
by  farm. 

Tons. 

Value. 

CkM-ds. 

Value. 

Cords. 

Vahie. 

Percent 

Percent. 

Vermont  (Lamoille) 

0.1 
2.5 
4.9 
6.7 
3.0 
3.9 

11.01 
16.00 
26.90 
23.70 
20.70 
29.67 

14.3 
12.3 
6.2 
12.0 
7.5 
4.8 
14.0 
17.8 

$65.40 
64.80 
19.00 
32.50 
38.80 
22.40 
43.58 
51.60 

3.0 
3.1 
1.2 
2.9 
1.1 
L7 
3.1 
3.3 

$13.62 
13.70 
3.65 
7.93 
6.34 
8.82 
9.68 
9.56 

3.0 
1.8 
6.8 
6.2 

7.7 

97.0 

New  York  (Otsego) 

08.3 

Pennsylvania  (Bnclra) . , ,  r  ,  -  r  -  r 

04  2 

Ohio  (ChampfMgn) 

03w8 

02.8 

Iowa  (Montgomery) 

100 

North  Caro£aa  (Gkiston) 

3.9 

06bl 

OeofKta(TiouD).. 

100 

Average 

2.5 

14.74 

11.1 

41.01 

2.4 

9.04 

3.65 

06.45 

I  From  Farmers'  Bulletin 635,  "What  the  Farm  CJontrlbutes  nirectly  to  tho  Farmer's  Living."  by  W.  C. 
Funk.  See  also  Department  of  Agriculture  Bulletin  410,  "Value  to  Farm  Families  of  Food,  Fuel,  and 
Use  of  House,"  by  W.  C.  Funk. 

Though  the  number  of  farms  which  supplied  the  data  was  not 
large,  the  fact  that  they  were  taken  at  random  lends  value  to  the 
table  as  an  indication  of  the  usefulness  of  the  woodlot  for  fuel  not 
only  in  these  States  but  in  the  other  Eastern  States  also.  A  great 
many  farmers  use  coal  for  fuel,  but  there  are  probably  very  few 


^Department  of  Agriculture,  Farmers'   Bulletin   635, 
PIrectly  to  tbe  Farmer's  Living,"  by  W.  C.  Funk. 


'  What  the  Farm  Contribntea 
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who  depend  entirely  upon  it.  In  only  two  States — Pennsylvania  and 
Iowa — did  the  amount  spent  for  coal  exceed  that  spent  for  wood.  In 
Pennsylvania  this  was  probably  due  to  the  ready  availability  and 
cheapness  of  coal;  in  Iowa,  to  the  relative  scarcity  of  wood.  The 
proportion  of  wood  furnished  by  the  farms  on  which  it  was  con- 
simied  is  significant.  'This  averaged  over  96  per  cent,  and  the  remain- 
der— ^less  than  4  per  cent — ^was  probably  bought  from  adjacent  farms. 
In  the  two  Southern  States  that  appear  in  the  table,  approximately 
three-fifths  of  all  the  wood  was  used  in  fireplaces.  The  other  two- 
fifths  was  used  in  cookstoves. 

The  heating  value  of  coal  is,  of  course,  much  greater  than  that  of 
wood.  Forest  Service  investigations^  show  that  in  general  1  pound 
of  coal  has  a  heating  value  equivalent  to  2  pounds  of  seasoned  wood. 
Allowing  80  cubic  feet  of  solid  wood  to  a  standard  cord  (4- foot  ^icks 
in  a  pile  8  feet  long  and  4  feet  high),  the  weight  of  a  cord  of  the 
heavy,  medium,  and  light  woods  would  be  about  4,000,  3,000,  and 
2,000  pounds,  respectively,  for  seasoned  sticks  containing  15  or  20 
per  cent  moisture.  Table  12  shows  the  number  of  cords  of  several 
kinds  of  seasoned  wood  that  are  necessary  to  give  approximately  the 
same  heating  value  as  1  ton  of  coal. 

Table  12. — Amount  of  wood  of  different  species  necessary  to  give  the  heating 

value  of  1  ton  of  coal. 


1  cord  of  wood 
equivalent  to  1 
ton  of  coal. 

1  \  cords  of  wood  equiv- 
alent to  1  ton  of  coal . 

2  cords  of  wood 
equivalent  to  1 
ton  of  coal. 

Hickory. 

Oak. 

Beech. 

Birch. 

Hard  maple. 

Ash. 

Elm. 

Locust. 

Longleafi^ne. 

Cherry. 

Shortleaf  pine. 
Western  hemlock. 
Kednim. 
Douglas  fir. 
Sycamore. 
Soft  maple. 

Cedar. 

Redwood. 

Poplar. 

Catalpa. 

Norway  pine. 

Cypress. 

Basswood. 

Spruce. 

White  pine. 

There  are  other  factors  besides  heat  value  which  aflfect  the  useful- 
ness of  the  different  kinds  of  wood  for  fuel.  .  Pine,  for  example,  has 
a  relatively  low  heat  value  per  imit  volume,  but  it  ignites  readily  and 
gives  out  a  quick,  hot  flame  which  soon  dies  out.  This  makes  it  a 
favorite  with  rural  housekeepers,  because  it  is  particularly  adapted 
for  hot  days  in  the  kitchen.  Hickory  has  the  highest  heat  value, 
bums  evenly,  and  "  holds  the  heat."  Oaks  come  next  in  this  respect, 
followed  by  beech,  birch,  and  maple.  In  selecting  wood  for  fuel, 
however,  it  is  important  to  consider  the  much  greater  value  whidi 
some  of  the  species  have  for  other  uses.     It  is  a  mistake  to  bum 

» '•  Fuel  Value  of  Wood/*  by  H.  S.  Betts  and  Earnest  Bateman ;  mimeographed  circular 
of  the  Forest  Service.  1918. 


Digitized  by 


Google 


STATUS  AND  VALUE  OF  FARM  WOODLOTS.  37 

young,  sound  hickory  and  oak  except  when  removed  to  improve  the 
stand  or  to  make  way  for  cultivation  of  the  land.  Usually,  too,  these 
and  many  other  species  can  be  sold  at  prices  which  make  it  unwise 
to  use  them  for  fuel.  It  is  better  to  make  the  farm  firewood  out  of 
the  species  that  are  less  salable. 

LiMm^er. — It  is  probable  that  much  more  of  the  liunber  used  in 
farm  buildings  is  bought  in  the  general  market  than  is  sawed  from 
woodlots.  A  considerable  amount  of  woodlot  material  still  goes 
into  buildings,  however,  especially  in  the  newer  agricultural  regions. 
It  is  here  that  the  economy  of  the  woodlot  appears  to  good  advan- 
tage. At  times  when  farm  work  is  not  pressing,  as  in  the  wiuter,  the 
farmer  can  saw  enough  of  his  trees  into  logs  to  make  the  required 
amount  of  lumber,  haul  them  io  some  nearby  mill  which  does  ^  custom 
sawing,"  and  have  them  manufactured  into  lumber  for  $3  or  $4  per 
thousand  board  feet.  Since  at  certain  seasons  of  the  year  the  men 
and  teams  of  the  farm  are  apt  to  be  free  from  other  work,  the  cost 
of  the  labor  involved  is  a  negligible  item.  The  saving  may  thus 
amount  to  as  much  as  two-thirds  or  three- fourths  of  the  cost  of  even 
the  lower  grades  of  lumber  available  on  the  general  inarket. 

As  a  rule,  however,  the  woodlot  affords  only  a  small  amount,  if 
any,  of  the  kinds  of  lumber  which  ought  to  go  into  buildings.  It  is 
common  to  find  farmers  putting  various  hardwoods  into  bam  lum- 
ber. The  loss  is  a  double  one.  Hardwood  lumber  is  much  less 
adapted  to  building  than  softwood,  like  pine  or  hemlock.  The  work 
is  harder  and  the  building  less  satisfactory.  At  the  same  time  some 
of  the  hardwoods  are  especially  fitted  for  uses  for  which  softwoods 
can  not  be  employed,  and  when  markets  are  available  the  farmer  may 
be  able  to  sell  his  best  hardwood  logs  or  Imnber  at  a  high  price,  more 
than  suflScient,  possibly,  to  pay  for  the  amount*  of  softwood  lumber 
needed.  Where  the  market  for  hardwood  material  is  poor,  however, 
and  even  in  some  cases  when  it  is  good,  the  possibility  of  utilizing 
idle  teams  may  justify  the  farmer  in  putting  his  hardwood  logs  into 
building  lumber.  When  the  woodlot  contains  softwood  timber  the 
saving  is  unquestionable. 

PBOTECnON. 

If  trees  on  the  farm  gave  no  wood  for  home  consmnption  and  none 
for  sale  their  value  for  protection  and  shelter  alone  would  often  be 
great  enough  to  justify  their  preservation.  In  the  Northern  States, 
where  cold  winter  winds  are  a  source  of  discomfort  or  damage,  the 
woodlot  goes  a  long  way  toward  increasing  the  comfort  of  farm  life. 
Even  when  leafless,  a  small  woodlot  will  break  the  force  of  a  strong 
wind ;  and  in  siunmer,  when  the  leaves  are  on  the  trees,  the  obstruc- 
tion to  wind  is  much  greater.  Both  live  stock  and  crops  benefit  from 
protection  against  hot,  drying  wiiids. 
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For  crop  protection  the  woodlot  must  be  properly  located.  In 
the  absence  of  native  timber,  windbreaks,  which  are  woodlots  in  nar- 
row strips,  were  extensively  planted  for  crop  protection  by  the 
early  settlers  in  the  great  plains  region.  The  results  did  not  look 
satisfactory  to  the  farmers,  because  it  was  noticed  that  near  the 
windbreak  the  grain  was  stunted  and  poor,  and  a  revulsion  of  feeling 
against  timber  belts  took  place.  There  is  not  so  much  planting  as 
formerly,  and  in  one  State — ^Kansas — legislative  action  has  been 
taken  providing  that  all  hedge  fences  along  the  public  highway  shall 
be  cut  and  trimmed  to  not  more  than  5  feet  high,  except  when  pro- 
tecting orchards,  vineyards,  and  feed  lots.^ 

To  find  out  as  accurately  as  possible  the  relation  between  benefit 
and  injury  to  farm  crops  from  windbreaks,  a  detailed  study  of  this 
subject  was  made  in  1908  by  the  Forest  Service.^  Careful  measure- 
ments were  made  at  different  distances  from  windbreaks  of  various 
species  to  determine,  on  the  one  hand,  the  amount  of  harm  done  to 
adjacent  crops  by  shading,  the  sapping  of  soil  moisture,  and  other 
causes;  and  on  the  other  hand,  the  amount  of  benefit  due  to  protec- 
tion from  evaporation,  the  breaking  of  the  mechanical  force  of  the 
wind,  etc.  At  the  same  time,  the  solid  contents  of  the  trees  were 
measured  and  their  value  as  wood  determined.  The  results  of  the 
study  showed  a  good  deal  of  variation  among  windbreaks  of  different 
species  and  different  degrees  of  density,  and  between  rows  running 
in  north-and-south  as  compared  with  east-and-west  directions.  In 
general  they  showed  that  while  dense  windbreaks  do  considerable 
damage  to  crops  standing  close  to  them — to  a  distance  of  once  or 
twice  the  height  of  the  tree — their  protection  from  drying  winds 
will  ordinarily  increase  the  grain  yields  farther  away,  to  a  distance 
of  10  or  12  times  the  tree  height — more  than  enough  to  make  good 
the  loss.  The  protection  is  especially  noticeable  after  heavy  winds, 
which  in  the  absence  of  efficient  windbreaks  often  ruin  entire  fields 
of  grain.  The  greatest  direct  benefit  is  obtained  when  the  wind- 
breaks are  not  closer  together-  than  a  distance  equal  to  twenty  times 
their  height.  Orchard  trees  close  to  windbreaks  are  injured  by  shad- 
ing and  sapping,  while  those  farther  away  are  benefited  by  protection 
from  breakage,  drought,  and  freezing. 

The  economic  value  of  windbreaks  is  determined  not  only  by  the 
prevalence  of  damaging  winds  in  a  region,  but  also  by  climatic  fac- 
tors affecting  the  growth  of  the  trees  themselves  and  the  productive- 
ness of  the  windbreak  as  a  source  of  timber  supply.  Windbreaks 
very  commonly  occupy  soils  of  agricultural  value;  and  since  an  effec- 
tive windbreak  must  consist  of  more  than  a  single  row  of  trees,  the 

1  General  Statutes  of  Kansas,  1901,  sees.  31ie-3118.  The  adoption  of  this  statute  la 
left  to  i>opular  vote  in  each  county. 

•"Windbreaks:  Their  Influence  and  Value."  by  C.  G.  Bates,  Forest  Service  Bulletin 
86,  1911 ;  and  *'  The  Windbreak  as  a  Farm  Asset/'  by  C.  Q.  Bates,  Fanners'  BuUeUn  788. 
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area  occupied  is  considerable.  This  should  be  considered  in  starting 
windbreaks.  Planting  them  on  an  extensive  scale  to  protect  large 
areas  is  justified  when  their  combined  protective  and  timber  value 
can  be  expected  to  equal  or  exceed  the  value  of  field  crops  which 
might  be  grown  on  the  same  area. 

The  relative  value  of  the  direct  and  indirect  benefits  of  timber  units 
is  determined  by  the  moisture  conditions  of  the  climate.  Where,  as 
in  all  the  eastern  States  except  parts  of  the  Lake  States  and  most  of 
Iowa,  the  annual  precipitation  is  over  30  inches,  the  crop  protection 
is  small,  and  windbreaks  may  be  positively  injurious  around  poorly 
drained  farm  land,  but  for  orchard  and  home  protection  their  value 
may  be  great  enough  to  justify  their  existence,  even  without  consid- 
ering their  wood-producing  value.  Where  the  annual  precipitation 
is  less  than  30  inches  the  value  of  protection  to  crops  is  likely  to  be 
greater. 

AS  A  POOR-LAND  CBOP. 

On  poor  soils  and  on  slopes  too  steep  for  successful  cultivation, 
timber  aflfords  an  excellent  means  of  getting  at  least  a  moderate 
income.  One  objection  often  raised  against  woodlots  is  that  trees 
take  too  long  to  mature,  so  that  the  owner  can  not  hope  to  realize  on 
his  investment  if  it  involves  raising  the  stand  from  its  youth.  Even 
if  the  wood  crop  can  be  harvested  only  once  in  a  lifetime,  however, 
a  net  income  may  often  be  obtained  which  will  represent  as  high  an 
interest  rate  on  the  investment  as  other  farm  crops  raised  on  better 
soils. 

There  are  two  general  ways  of  managing  a  timber  crop,  depending 
upon  whether  the  woodlot  is  to  be  maintained  for  its  indirect  bene- 
fits to  the  farm,  the  wood  yield  being  a  secondary  but  important  ob- 
ject, or  whether  it  is  to  be  managed  primarily  as  a  wood-raising 
investment.  In  the  first  case,  the  farmer  would  keep  his  woodlot 
intact,  cutting  a  few  trees  here  and  there  as  they  reached  large,  mer- 
chantable size,  and  supplying  himself  with  fuel  f rwn  their  branches 
and  from  defective  or  crowded  trees  removed  from  time  to  time  to 
keep  the  stand  in  a  good,  rapid-growing  condition.  If  care  is  taken 
to  prevent  overcutting,  overgrazing,  and  fire,  and  if  a  good  under- 
growth of  desirable  species  is  encouraged,  the  stand  can  thus  be  per- 
petuated indefinitely,  and  the  farmer  can  afford  to  raise  some  trees 
of  high  value  but  slow  growth,  like  hickory  and  white  oak,  as  well  as 
large  trees  of  more  rapid-growing  species,  like  black  walnut  and  yel- 
low poplar.  If  financial  profit  from  the  sale  of  wood  products  is  the 
chief  aim,  a  safe  margin  of  income  over  all  costs  of  raising  and 
marketing  must  be  reasonably  certain.  The  cost  of  raising  timber 
includes  planting  (if  this  is  done),  subsequent  upkeep,  and  taxes. 
In  addition,  some  charge  must  be  made  against  the  use  of  the  land, 
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which  is  small  in  situations  not  adapted  to  cultivation.  As  a  rule  the 
cost  of  raising  timber  is  very  small  compared  with  the  cost  of  raising 
other  farm  crops.  Where  a  yoimg  stand  already  exists  and  no  plant- 
ing expense  is  involved,  there  are  several  species  of  trees  which  will 
yield  a  profit  provided  they  are  adapted  to  the  soil  and  climate. 
Within  a  moderate  hauling  distance  of  a  steady  market  for  wood 
products,  as  in  parts  of  New  England,  planting  can  be  and  is  prac- 
ticed on  lands  of  low  agricultural  value  with  fair  assurance  of  a 
good  profit.* 

Under  average  conditions  it  has  been  shown  that  a  few  of  the 
best  species  for  woodlots,  raised  from  seedlings  to  financial  maturity 
on  land  worth  $5  or  $10  per  acre,  should  yield  incomes  at  the  fol- 
lowing rates  of  compound  interest :  * 

Percent. 

Cottonwood,  oti  favorable  soils 6      or    7 

Loblolly  pine,  on  the  most  favorable  soils 2      to  11 

Loblolly  pine,  on  less  favorable  soils 0.8  to    5 

White  pine,  on  the  most  favorable  soils 4      to  10 

White  pine,  on  less  favorable  soils 2      to    T 

White  ash,  on  favorable  soils 6      to  10 

These  rates  vary  chiefly  with  the  distance  from  market  and  the 
prices  which  can  be  obtained  for  lumber  of  the  qualities  supplied. 
The  closer  the  stand  is  to  the  market  the  higher  the  lumber  prices  to 
be  expected;  and  the  better  the  soil  and  moisture  conditions  for 
rapid  growth  the  higher  will  be  the  interest  rate  on  the  investment. 
Even  the  lower  interest  rates  indicated  above  compare  favorably 
with  crop  incomes  in  many  farming  regions.' 

^  In  choosing  between  species  to  be  planted  or  favored  in  woodlots  the  two  qualities 
to  be  sought  are  rapidity  of  growth  under  the  existing  conditions  of  soil  and  climate  and 
high  market  value  when  cut.  Since  the  market  value  can  not  be  estimated  in  advance 
with  accuracy,  rapidity  of  growth  Is  the  more  important  consideration ;  but  of  two  rapid- 
growing  species  the  one  whose  wood  seems  likely  to  fill  the  greatest  variety  of  industrial 
needs  should,  of  course,  be  chosen.  The  time  when  the  timber  must  be  cut  in  order  to 
yield  the  highest  net  profit  is  that  at  which  the  greatest  difference  exists  between  the 
sale  value  of  the  products  and  the  accumulated  cost,  at  compound  interest,  of  planting, 
care  and  protection,  and  taxes.  Compared  with  the  great  age  which  many  kinds  of  trees 
reach  in  nature,  this  period  of  **  financial  maturity  "  comes  early.  It  Is  commonly  at- 
tained at  from  40  to  60  years  of  age,  though  sometimes  earlier  with  rapid-growing  species 
on  good  soil  and  later  with  slower-growing  species  on  poor  soU.  With  especially  rapid- 
growing  species,  like  loblolly  pine,  the  rotation  of  maximum  income  may  be  as  short  as 
20  years  under  the  best  conditions.  Information  relating  to  tree  species  for  woodlot  use 
is  contained  in  detail  in  Department  of  Agriculture  Farmers'  Bulletin  711,  "  The  Care 
and  Improvement  of  the  Woodlot,"  which  can  be  secured  on  application  to  the  Secretary 
of  Agriculture,  Washington,  D.  C. 

'This  subject  Is  treated  at  length,  for  various  species.  In  the  following  bulletins  of  the 
Department  of  Agriculture : 

Bui.   11,    "  Forest   Management   of   Loblolly   Pine   In    Delaware,   Maryland,   and 

Virginia." 
Bui.  13,  "  White  Pine  Under  Forest  Management." 
Bui.  24,  *'  Cottonwood  In  the  Mississippi  Valley." 
Bul.  209,  "  The  Ashes :  Their  Characteristics  and  Management" 

•See  Department  of  Agriculture  Bulletin  41,  "A  Farm-Management  Survey  of  Three 
Representative  Areas  In  Indiana,  Illinois,  and  Iowa,"  by  E.  H.  Thomson  and  H.  M.  Dixon. 
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The  care  of  woodlots  requires  practically  no  work  beyond  the 
amount  necessary  to  get  out  the  year's  supply  of  firewood,  posts, 
etc.,  which,  as  thinnings  and  "  improvement  cuttings,'^  may  be  made 
to  improve  the  condition  of  the  stand.  The  value  of  wood  cut  and 
sold  therefore  comes  nearer  to  being  a  net  value  than  that  of  grain 
crops,  a  large  part  of  which  each  year  is  the  cost  of  labor.  While 
the  gross  returns  per  acre  from  most  crops  are  usually  larger  than 
from  wood  the  two  are  really  much  closer  together  when  the  labor 
cost  is  deducted.  Furthermore,  the  woodlot  is  ready  for  cutting  at 
any  season,  so  that  farm  labor  can  be  utilized  on  it  when  unoccupied 
with  other  farm  work,  as  in  the  winter.  There  is  little  risk  of  loss 
from  wind  storms,  heavy  rains,  hail,  frosts,  or  droughts;  and,  in 
addition,  the  farmer  has  the  advantage  of  wood  for  farm  use  ready 
at  hand,  of  protection  to  adjacent  crops,  to  stock,  and,  possibly,  to 
buildings,  and  of  by-products  which  the  woodlot  affords,  such  as 
maple  sugar,  nuts,  etc.,  all  of  which  tend  to  increase  the  selling  value 
of  farm  property. 

The  value  of  land  which  can  be  used  for  woodlot  purposes,  judged 
from  the  standpoint  of  wood  production  alone,  would  be  the  capi- 
talized value  of  the  net  income  to  be  expected  each  year.  The  com- 
putation is  practically  the  same  as  for  any  field  crops.  It  consists 
simply  in  dividing  the  estimated  net  annual  income  by  the  desired 
rate  per  cent.  In  the  following' table  net  incomes  of  from  25  cents 
to  $3  per  acre  per  year  are  capitalized  at  3,  4,  5,  and  6  per  cent,  and 
the  result  in  each  case  represents  the  true  valuation  of  the  land  which 
will  produce  the  corresponding  net  annual  income  per  acre: 

Table  13. — Venues  of  land  for  ux)od  raiainp,  representing  net  annual  incomes  of 
various  amounts  capitalized  at  5,  4»  5,  and  6  per  cent. 


3p«r 
cent. 

4p«r 
cent. 

5p«r 
cent. 

Oper 
cent. 

90J25 

S8.33 
16.67 
25.00 
33.38 
50.00 
66.67 
83.33 
100.00 

16.25 
12.50 
18.75 
25.00 
37.50 
50.00 
62.50 
75.00 

$5.00 
10.00 
15.00 
20.00 
30.00 
40.00 
50.00 
60.00 

$4.17 

10^ 

8.38 

10.76 

12.50 

11^ 

16.67 

fl^ 

25.00 

S2.00 

33.33 

$3^ 

41.67 

tsuw                                                                    .... 

50.00 

Since  the  net  income  is  only  the  amount  remaining  after  deducting 
all  costs  of  labor,  interest,  taxes,  etc.,  it  is  not  an  easy  figure  to  de- 
termine. It  depends  also  upon  the  amount  of  wood  produced  each 
year  on  each  acre  of  woodlot,  which  is  the  amount  that  could  be 
removed  without  cutting  into  the  producing  capital  of  the  woodlot. 
For  example)  a  farmer  finds  out  that  his  wood  is  growing  at  the  rate 
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of  2  cords  of  "  stove  wood  "  (16-inch  lengths)  per  acre  per  year  and 
proceeds  to  cut  and  sell  this  amount  each  year.  Although  he  does 
the  cutting  and  hauling  at  times  when  his  men  and  teams  would 
otherwise  be  idle,  he  decides  to  figure  the  cost  as  though  he  actually 
paid  to  have  the  work  done  and  finds  the  cost  to  be  $3.50  per  cord, 
delivered.  He  sells  his  wood  at  the  rate  of  $4.50  per  cord,  clearing 
$1  on  each  cord  sold.  Since  the  annual  growth  per  acre  is  2  cords 
the  income  amounts  to  $2  per  acre.  Arbitrarily  deducting  50  cents 
to  cover  one  year's  taxes  and  interest  per  acre,  the  remainder,  $1.50, 
represents  his  net  income.  Capitalizing  this  at  5  per  cent  (see  Table 
13)  he  finds  that  the  producing  value  of  his  land  for  the  wood  crop 
is  $30  per  acre.  A  very  little  figuring  of  the  costs  and  values  of 
other  crops  which  might  be  raised  on  the  same  soil  will  enable  him 
to  decide  whether,  from  a  standpoint  of  direct  income  only,  he  is 
justified  in  keeping  the  land  luider  timber.  The  indirect  values  al- 
ready discussed  should,  of  course,  greatly  influence  his  decision. 

The  possibilities  in  regard  to  marketing  the  products  of  the  wood- 
lot  naturally  differ  a  great  deal  in  different  regions.  ^  They  are  best, 
as  a  rule,  in  thickly  settled  regions,  where  there  are  good  roads  and 
railroads,  a  large  variety  of  manufacturing  plants  using  wood,  and 
better  chances  for  securing  competitive  bidding  for  the  products  in 
the  woodlot.  Industries  manufacturing  cooperage,  handles,  spokes, 
hubs,  basket  and  box  veneer,  novelties,  spindles,  etc.,  often  present 
a  better  market  for  logs  and  short  bolts  than  could  be  obtained  if 
the  trees  were  sawed  up  for  lumber;  although  good  logs  of  oak, 
yellow  poplar,  basswood,  etc.,  may  bring  high  prices  at  established 
mills  for  the  production  of  high-grade  lumber  for  furniture,  finish, 
patterns,  and  other  uses.  Plants  manufacturing  special  articles 
often  empjoy  buyers  skilled  in  judging  timber  for  the  use  for  which 
they  wish  it,  who  travel  through  the  farming  sections  buying  in- 

^  Farmers  are  usually  much  better  versed  in  selling  other  farm  crops  than  In  selling 
wood,  and  so  when  the  wood  crop  is  sold  the  problems  which  are  involved  in  getting  the 
best  returns  from  it  are  likely  to  be  perplexing.  Furthermore,  when  the  wood  crops  are 
many  years  apart  the  success  of  the  undertaking  depends  a  great  deal  more  on  getting 
a  good  price  for  the  product  than  is  the  case  with  ordinary  crops,  with  which  a  single 
bad  bargain  will  affect  only  a  single  year.  Before  selling  woodlot  material,  therefore, 
the  farmer  ought  to  obtain  all  the  information  possible  on  the  following  points :  The  local 
and  distant  markets  and  the  shipping  rates  to  them ;  the  prices  which  different  markets 
will  pay  for  the  same  kind  of  timber,  together  with  the  specifications  of  each  market  as 
to  size,  shape,  and  quality ;  the  cost  of  getting  out  the  products  (whether  or  not  the 
farmer  expects  to  do  his  own  logging)  ;  and  an  estimate  of  the  amount  of  different  kinds 
of  standing  timber  in  bis  woodlot  in  the  most  profitable  units  (that  is,  as  board  feet  of 
logs  or  lumber,  cords  of  bolts  or  bark,  and  number  of  ties,  poles,  posts,  etc.).  Through 
ignorance  of  these  things  many  farmers  have  sold  timber  far  below  its  real  worth,  while 
others  have  held  stands  for  excessively  high  prices  until  their  best  trees  became  practi- 
cally worthless  through  decay. 

The  procedure  which  should  be  followed  in  making  sales  from  woodlots  is  not  within 
the  scope  of  this  bulletin,  but  Is  discussed  in  detail  in  Department  of  Agriculture  Farm- 
ers* Bulletin  715,  "  Measuring  and  Marketing  Woodlot  Products."  In  most  of  the 
eastern  States  free  information  is  also  available  on  application  to  the  State  Foresters 
or  to  the  State  Agricultural  Experiment  Stations.  In  some  States  buUetins  on  marketing 
woodlot  products  within  the  State  are  available. 
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dividual  trees  or  even  woodlots.  Though  it  is  rarely  possible  for 
the  fanner  to  become  equally  proficient,  it  is  at  least  to  his  advan- 
tage before  selling  to  inform  himself  on  the  best  paying  uses  for 
his  timber,  the  points  whii^h  influence  its  value  for  these  uses,  and 
the  factors  which  should  determine  the  price  to  be  paid,  such  as 
the  distance  and  kind  of  haul  to  the  manufacturing  plant,  the  pre- 
vailing market  prices,  etc.  It  is,  of  course,  always  advisable  to  ob- 
tain as  many  competitive  bids  as  possible,  and  in  doing  this  it  often 
becomes  possible  to  sell  to  several  different  buyers,  each  taking  from 
the  woodlot  the  species  or  form  of  product  he  especially  desires  and 
can  pay  the  most  for. 

In  the  pioneering  regions  the  market  for  woodlot  products  is 
much  more  limited  and  the  prices  are  lower;  but  in  spite  of  this 
the  woodlot  sales,  as  shown  in  Table  10,  have  amounted  to  more  in 
these  regions,  through  the  extensive  clearing  practiced,  than  in  the 
more  settled  regions.  Freight  rates  to  the  more  settled  regions  are 
high,  and  the  farmers  must  sell,  as  a  rule,  to  saw  or  pulp  mills  not 
very  far  away,  delivering  their  logs  or  bolts  to  points  along  the  rail- 
road. Excelsior  and  box  factories  in  these  regions  often  buy  large 
quantities  of  small  or  low-grade  material  from  farmers,  while  lime 
and  brick  kilns  take  a  great  deal  of  cheap  fuel  wood  at  a  small  price. 
These  small  returns,  however,  may  be  indispensable  to  the  settler  for 
maintaining  a  living  imtil  crops  can  be  grown  on  the  land  cleared. 
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INTRODUCTION. 

The  purpose  of  this  bulletin  is  to  present  a  general  description  of 
the  farm-management  practices  followed  on  farms  in  the  bluegrass 
region  of  Kentucky  and  to  determine  from  analyses  of  the  operations 
on  about  two  hundred  such  farms  the  relative  efficiency  of  the  dif- 
ferent types  of  farming  in  vogue  and  the  factors  which  seem  to  have 
the  greatest  influence  on  farm  profits  in  that  locality. 

It  was  found  that  specialized  farms,  those  of  the  tobacco,  stock,  or 
dairy  type,  moderately  diversified,  are  the  most  efficient  in  this  region 
and  that  the  general  mixed  farms,  more  highly  diversified,  are  the 
least  efficient.  Thus,  while  diversity  has  a  vital  relation  to  profits 
here  as  elsewhere,  it  would  appear  that  in  the  bluegrass  region  these 
spcialized  farms  have  found  in  moderate  diversity  the  right  degree 
for  maximum  profit. 

Of  the  factors  which  determine  profit,  size  of  business  was  found 
to  have  the  greatest  weight,  with  utilization  of  pasture  and  yield  of 
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field  crops  per  acre  important  secondary  factors.  Size  of  farm  has 
here  no  direct  bearing  upon  labor  income.  It  does,  however,  deter- 
mine the  character  of  the  farm  organization,  the  small  farms  natu- 
rally turning  more  to  the  cultivation  of  tobacco  and  the  large  farms 
to  grazing. 

METHOD  OF  STUDY. 

The  farms  selected  to  furnish  the  basis  of  study  are  located  in  three 
counties — Mason,  Scott,  and  Madison.  These  counties  are  typical  of 
the  different  parts  of  the  region.  They  are  widely  separated.  Mason 
lies  on  the  Ohio  River,  Scott  is  near  the  center  of  the  region,  while 
Madison  lies  at  the  foot  of  the  mountains  and  is  representative  of  the 
more  distinctly  stock  type  of  farming.  Tobacco  and  live  stock  are 
important  enterprises  in  all  the  counties  studied.  These  two  enter- 
prises furnish  the  bases  of  all  the  types  of  farming  found,  with  the 
exception  of  10  distinctly  dairy  farms,  which  have  not  been  included 
in  the  general  analysis. 


Fio.  1. — Map  of  Kentucky  with  blueKrass  area  outlined  and  the  three  counties  In  which 
farm  records  wore  taken  shaded. 

The  farms  visited  were  those  named  by  various  men  in  the  com- 
munity as  being  operated  on  a  business  basis.  It  was  thought  ad- 
visable also  to  select  such  farmers  as  were  both  willing  and  competent 
to  give  a  record  of  a  year's  business,  March  1,  1913,  to  March  1, 
1914.  Many  of  the  farms  were  visited  twice  and  many  three  times. 
In  a  preliminary  survey  about  25  complete  records  of  each  enterprise 
in  the  county  were  taken  in  order  to  determine  the  average  seasons 
in  which  various  operations  were  carried  on  and  the  amount  of  labor 
and  horse  work  required  for  each.  At  the  same  time,  farmers'  esti- 
mates were  secured  as  to  the  number  of  days  available  for  field  work 
in  each  month  of  the  year.  In  the  general  survey  that  followed, 
each  farmer  furnished  a  year's  record  of  his  business  and  such  other 
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data  as  would  be  necessary  in  making  a  complete  analysis  of  the 
business  organization  of  the  f  arm.^ 

GENERAL  DESCRIPTION  OF  REGION. 

The  bluegrass  region  borders  on  the  Ohio  River  and  occupies  a 
somewhat  circular  area  about  100  miles  in  diameter.  (See  fig.  1.) 
It  is  bounded  by  a  rim  of  low  mountains  and  the  Ohio  River.  Lex- 
ington, a  city  of  about  40,000,  is  southeast  of  the  center.  Richmond, 
Winchester,  Paris,  Georgetown,  Versailles,  and  Nicholasville  are  the 
county  seats  of  adjoining  counties.  All  of  these,  except  Richmond 
and  Winchester,  are  connected  with  Lexington  by  trolley.  Frank- 
fort, the  capital  of  the  State,  22  miles  west,  is  also  connected  with 
Lexington  by  trolley.  All  towns  of  importance  throughout  the 
region  are  connected  by  steam  railways. 

Throughout  the  region  connecting  the  main  towns  and  villages 
are  macadamized  roads,  many   of  them   kept   in  excellent   repair. 

Three  main  railway  systems  center  at  Lexington,  connecting  with 
the  main  large  market  centers  of  the  interior  and  with  all  large 
seaboard  cities  on  the  Atlantic  and  the  Gulf  of  Mexico. 

The  Kentucky  River  rises  in  the  mountains  of  the  southeastern 
part  of  the  State  and  takes  a  winding  course  through  the  central 
portion  of  the  area.  Small  steamers  and  rafts  ply  this  river  through- 
out its  course  in  this  region. 

I  _„, ,  j' 


Pio.  2. — Cross-flection  of  Kentucky  ^Including  the  bluegrasd  region,  Indicating  the  topog- 
raphy and  the  elevations  above  sea  level. 

The  topography  in  most  parts,  except  in  the  vicinity  of  streams, 
is  gently  rolling.  (See  fig.  2.)  The  area  is  largely  cleared  of  forest 
trees  and  85  to  90  per  cent  is  tillable.  Farms  vary  in  size  from  40 
to  1,000  acres  or  more.  The  country  generally  looks  prosperous. 
Most  farms  are  well  kept  up  and  many  farmsteads  have  luxurious 
appointments  and  surroundings.  (See  fig.  3.)  Formerly,  the  plan- 
tation type  of  farm  prevailed  and  the  work  was  almost  entirely  done 
by  slaves.  There  is  now  a  tendency  toward  subdivision  into  smaller 
farms.  However,  many  are  still  large  and  are  run  on  the  plantation 
plan,  with  hired  laborers  or  share  tenants,  mostly  colored,  who  live 
on  the  farm  in  cottages  and  are  provided  with  gardens  and  a  few 
other  perquisites. 

1  Acknowledgment  Is  due  Messrs.  B.  F.  Creech,  Will  D.  Click,  William  BalUnger,  L.  C. 
Caldwell,  and  A.  B.  Thomas  for  collecting  data  for  this  bulletin ;  also  to  Prof.  J.  S.  Pullen, 
of  the  Eastern  Kentucky  Normal  School,  who  assisted  in  collecting  data  In  Madison 
County  and  gave  valuable  help  in  other  ways.  The  cordial  interest  of  the  farmers  who 
gave  the  records  Is  much  appreciated,  and  thanks  are  due  them  for  the  time  given  to 
this  work. 
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Many  of  the  people  who  settled  in  this  region  brought  with  them 
from  Virginia,  and  a  few  from  the  Carolinas,  the  fine  traditions 
of  the  comitry  house  and  the  gentleman  farmer.  They  had  the  same 
interests  in  the  breeding  of  high  quality  of  live  stock  which  has  long 
characterized  the  English  farmers.  Many  dwellings  were  built  in 
a  substantial  manner,  often  of  brick.  (See  fig.  4.)  Most  of  these 
still  stand  and  give  the  country  an  atmosphere  of  ease,  comfort,  and 
sometimes  luxury. 

A  great  many  of  the  farms  are  still  owned  and  operated  by  those 
who  inherited  them  from  the  original  owners.  There  is  reason  to 
believe  that  the  present  owners  are  farming  in  the  same  spirit  as 
their  ancestors  and  with  as  good  success. 


Fig.  3. — A  typical  bluegrass  farmstead. 

A  few  tracts  have  been  bought  up  and  are  operated  on  a  showy 
and  expensive  scale,  with  probably  very  little,  if  any,  profit  to  the 
owners. 

Tobacco  culture  enables  the  small-sized  farm  to  carry  a  compara- 
tively large  business,  so  that  there  are  many  prosperous  farms  40 
to  100  acres  in  size. 

In  traveling  through  the  country  for  the  first  time  one  is  impressed 
by  the  large  proportion  of  farm  area  in  bluegrass  pasture.  Over 
the  fields  are  scattered  fine  forest  trees,  providing  shade  for  stock. 
These  large  areas  in  pasture  and  scattered  trees  suggest  that  the 
farmers  devote  their  attention  largely  to  live  stock.    The  bluegrass 
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farmer  is  prejudiced  in  favor  of  live-stock  fanning  and  will  cling  to 
it  as  a  type  as  long  as  he  can.  Next  to  live  stock  in  importance  is  the 
"white  Burley  tobacco,  a  crop  well  adapted  to  the  region,  so  that  these 
two  enterprises  characterize  this  section  agriculturally  and  are  at 
present  the  main  sources  of  income. 

HISTORY   OF   BLUEGRASS   FARM   ENTERPRISES. 

It  is  a  well-known  fact  that  the  acreage  of  crops  varies  from  year 
to  year  because  of  the  variation  in  prices.  The  amount  of  live  stock 
kept  on  farms  varies  also  for  the  same  reason.  Prices  for  a  product 
in  one  section  are,  as  a  rule,  made  permanently  lower  than  the  cost 
of  production  if  the  same  can  be  produced  in  another  section  at  a 


FlO.  4. — Type  of  the  large  modern  farm  house. 

lower  cost  and  in  adequate  quantities.  Again,  by  experience  or 
through  discovery,  a  more  profitable  enterprise  may  be  substituted 
for  another.  Any  of  these  causes  or  a  combination  of  them  will 
result  in  relatively  permanent  changes  in  the  agriculture  of  a  region. 
Tables  I  and  II  give  a  history  of  the  several  enterprises  developed 
in  this  region  from  1840  to  1910  according  to  figures  of  the  United 
States  census.  These  figures  show  that  the  agricultural  resources 
here  were  well  developed  as  early  as  1840  and  that  their  total  pro- 
duction was  not  far  behind  that  of  1910.  Changes  in  the  relative 
importance  of  the  several  enterprises,  however,  have  occurred. 
Swine,  for  instance,  were  much  more  important  prior  to  1860  than  at 
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any  time  since.  Before  this  time  large  droves  of  hogs  were  taken 
across  the  momitains  into  those  sections  of  Georgia  and  the  Carolinas 
which  were  devoted  to  raising  cotton.  This  fact  no  doubt  largely  ac- 
counts for  the  comparatively  large  number  of  swine  at  that  time. 
The  development  of  railways  and  the  opening  up  of  the  rich  com 
States  farther  west  and  north  has  also  had  an  influence  in  changing 
the  status  of  this  enterprise.  About  the  same  amount  of  com  is 
raised  as  formerly,  but  most  of  it  is  fed  to  beef  cattle  and  compara- 
tively little  to  hogs. 

Table  I. — Live-stock  cnterpriHCs  in  the  hluegrasa  region  of  Kentucky,  18^0-1910 
(Madisont  Mason^  and  Scott  Counties). 


Year. 

Horses. 

Sheep. 

Swine. 

Total 
cattle. 

Milch 

0OW8. 

Other 
cattle. 

Working 
oxen.' 

1840                   

«  23, 704 
17,292 
22,160 
14,817 
16,528 
20,074 
18,721 
19,193 

69,926 
58,327 
37,916 
25,179 
•46,753 
67,439 
87,778 
88,177 

116,244 
115,122 
103,553 
65,095 
75,980 
75,662 
62,476 
63,909 

33,419 
38,836 
40,385 
35,761 
40,207 
45,810 
60,989 
47,591 

1850         

11,568 
12,585 
10,504 
n,495 
12,266 
4  12.215 
M3,064 

27,268 
27,800 
25,257 
28,712 
33,544 
47,774 
34,537 

3.288 

I860 

4.156 

T870          

2,634 

1880 

1,5B6 

1890         

1,374 

1900 

1910 

» Included  under  "Other  cattle." 
>  Includes  mules. 


*  Exclusive  of  lambs. 

*  Dairy  cows. 


Table  II. — Field  crop  enterprises  in  the  hlueprass  region  of  Kentucky,  1840^ 
19 JO  {Madison,  Mason,  and  Scott  Counties). 


Year. 

Com. 

Wheat. 

Rye. 

Barley. 

Oats. 

Hay. 

Hemp. 

Tobacco. 

1840. . .' 

Bi 

2,  [) 

3,  5 
3,            5 

2,  I 

3,  2 
3,            i 

2,  ) 

3,  S 

Bushels. 
367,668 
135,125 
641,304 
174,469 
837, 172 
708,740 
702,240 
332,181 

Bushels. 

178,092 
35,759 
99,094 

130,496 
71,454 
43,648 
17,100 
21,941 

Bushels. 
8,000 
71,827 
77,291 
43,364 
81,663 
15,746 
728 
2,710 

Bushels. 

347,941 

383.004 

388,390 

209,394 

98,014 

225.102 

66,730 

63,058 

Tons. 
9,670 
9,121 
9,639 
9,794 
7,980 

28  762 
133,316 

41,821 

Pounds. 

2,356 

3,471 

628 

1,619 

348 

853 

283,000 

342,450 

Pounds, 
1.24 

1850 

1,80 

ilw 

6,45 
7,18 
16  79 

1860 

1870 

1880 

1890 

1900 

1910 

23,68 

1  Hay  and  forage. 

Rye  has  declined  in  importance  sharply  since  about  1870.  This 
crop  is  no  longer  profitable,  except  for  early  spring  pasture  and  to 
turn  under. 

Barley  also  has  declined  in  importance  since  about  1880,  many 
farmers  having  forgotten  that  it  was  ever  raised  here. 

Only  about  one-sixth  as  much  oats  is  now  raised  as  during  the 
period  before  1860.  This  crop  also  is  unprofitable  because  it  is  pro- 
duced in  the  States  north  and  west  at  a  very  much  lower  cost  per 
bushel  than  here.  Most  of  the  oats  is  now  either  cut  and  fed  to 
horses  in  the  bundle  or  is  made  into  hay. 

Tobacco  has  steadily  increased  in  importance  since  about  1870  and 
is  to-day  one  of  the  major  enterprises.  This  is  a  crop  that  utilizes 
family  labor  to  great  advantage,  and,  as  has  been  pointed  ^ut,  is 
peculiarly  adapted  to  the  climate  and  soil. 
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Satisfactory  historical  figures  on  beef  cattle  and  saddle  horses  can 
not  be  gleaned  from  census  records,  since  cattle  have  been  classified 
differently  in  the  various  census  years.  Beef  cattle,  though  still 
numerous,  are  less  important  than  formerly.  About  1890  there  was 
a  dropping  off  not  only  in  the  number  of  beef  cattle,  but  also  in  the 
number  of  all  cattle.  The  saddle  and  driving  horses  of  the  bluegrass 
region  have  long  been  noted,  but  economic  changes  have  occurred  to 
make  them  less  profitable.  Mules,  however,  have  largely  filled  up  the 
ranks,  so  that  to-day  there  are  about  the  same  number  of  animals  of 
the  horse  kind  as  formerly.  It  is  interesting  to  notice  the  gradual 
decline  in  the  number  of  working  oxen.  Horses  and  mules  have 
almost  entirely  taken  the  place  of  cattle  as  work  stock. 

ROTATION  OF  CROPS. 

No  well-defined  system  of  crop  rotation  prevails  in  the  bluegrass 
region.  The  conmion  custom,  however,  is  to  plant  com  or  tobacco 
on  sod  land.  Much  of  the  best  tobacco  land  is  obtained  by  breaking 
up  old  bluegrass  sod  or  new  land.  Two  crops  of  tobacco  are  very 
seldom  grown  in  succession  on  the  same  land,  while  two  successive 
crops  of  com  are  grown  on  from  one-fourth  to  one-half  of  the  com 
area,  the  rest  of  the  com  and  tobacco  being  followed  by  a  small-grain 
crop,  usually  wheat.  Generally  clover  and  timothy  and  occasionally 
bluegrass  are  sown  with  cereal  crops.  Hay  is  then  cut  usually  1  or 
2  years. 

The  great  irregularities  in  rotation  are  caused  by  the  length  of 
time  the  land  remains  seeded  down.  Occasionally  a  field  will  be 
sown  to  clover  and  turned  again  at  the  end  of  the  year.  If  timothy 
or  other  grass  seeds  be  sown  the  land  may  remain  in  grass  several 
years,  and  if  a  good  bluegrass  sod  develops  it  may  remain  in  pasture 
30  to  40  years.  The  more  common  practice,  however,  is  to  leave  .rota- 
ti<m  crop  land  seeded  down  from  2  to  6  years. 

The  type  of  farming  practiced  seems  to  influence  the  crop  rotation 
to  some  extent.  On  the  tobacco  farms  com  follows  com  least  fre- 
quently, and  the  land  seldom  remains  in  grass  more  than  3  years. 
As  the  farms  increase  in  size  through  the  various  types  to  the  large 
stock  farms  with  no  tobacco,  two  crops  of  com  in  succession  will  be 
raised  on  about  50  per  ceiit  of  the  com  land,  and  the  time  the  land 
remains  seeded  down  lengthens  to  from  3  to  6  years  and  frequently 
longer.  The  rotation  period  for  the  stock  farms,  therefore,  gener- 
ally ranges  from  5  years  to  9  or  more  years.  '      * 

SOIL. 

The  soil  of  the  bluegrass  country  is  derived  from  limestone  which 
is  comparatively  rich  in  lime  phosphate.  The  typical  bluegrass  soil 
is  reddish-brown  or  chocolate  color.    According  to  the  United  States 
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Bureau  of  Soils,  it  belongs  to  the  series  known  as  Hagerstown  clay 
loam.  It  is  of  the  same  general  type  found  in  the  Nashville  Basin, 
East  Tennessee  Valley,  and  the  Valley  of  Virginia.  Except  in 
the  hilly  parts  along  the  rivers,  rock  is  only  occasionally  seen  on 
the  surface.  Generally  it  lies  2  to  20  feet  below  the  surface,  offering 
little  obstruction  to  plows  and  other  machinery.  The  subsoil  in 
most  places  is  a  sticky  red  clay,  highly  retentive  of  moisture.  While 
to  the  ordinary  observer  the  soil  seems  quite  uniform  in  fertility,  the 
analyses  by  soil  chemists  show  a  good  deal  of  variation,  even  in  the 
most  fertile  sections.^ 

The  farmers  who  have  grown  up  in  the  region  and  have  had  expe- 
rience with  soils  recognize  many  degrees  of  fertility.  They  distin- 
guish the  quality  of  tobacco  soils  especially  by  native  trees  that  grow 
on  the  land.  For  instance,  white  oak,  beech,  walnut,  maple,  and 
hickory  clearings  have  been  favored  for  the  production  of  the  best 
quality  of  tobacco.* 

CUMATR 

The  organization  of  crop  enterprises  is  greatly  influenced  by  cli- 
mate. Figure  5  is  a  diagram  showing  the  main  facts  about  the 
climate  of  this  section.    The  rainy  season  is  during  the  winter,  the 
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FiQ.  5. — Diagram  showing  average  climatic  conditions. 

highest  average  rainfall  occurring  in  March.  During  the  hot  period 
of  summer  the  average  rainfall  is  sufficient  on  this  type  of  soil  to 
keep  tilled  crops  growing  vigorously,  but  if  it  were  not  for  the  fact 
of  a  deep,  heavy  clay  loam,  rich  in  phosphorus,  the  region  undoubt- 
edly would  not  be  famous  for  bluegrass,  since  a  relatively  low  rain- 
fall dufing  the  summer  and  fall  is  in  itself  injurious  to  bluegrass 
pasture.  The  farmers  here  expect  frequent  dry  spells,  when  there 
is  a  shortage  of  pasture  and  water,  and  have  adapted  their  farm 
practice  and  systems  of  farming  to  these  conditions.  Tobacco  is  one 
of  the  best  drought-resistant  plants  known.    For  stock  water  farmers 

^See  Kentucky  SUtion  Bulletin  162.         <See  Kentucky  SUtion  Bulletin  139. 
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depend  mostly  on  ponds  in  which  the  surface  water  collects.  These 
are  usually  natural  depressions  on  the  land  surface,  which  are 
tramped  nearly  water-tight  by  the  hoofs  of  animals.*  Wells  are  not 
reliable  in  this  region  as  a  source  of  water  supply. 
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E*io.  6. — DUgram  showing  comparison  of  the  actual  rainfaU  in  1913  with  normal. 

SEASONAL   DISTRIBUTION   OF   OPERATIONS. 
CROPS. 

The  farm  enterprises^  found  in  any  well-developed  agricultural 
region  are  mainly  those  which  the  experience  of  farmers  has  shown 
to  be  profitable.  In  the  process  of  selecting  stTch  enterprises  the 
soil  and  climate  are  fundamental  factors.  Additional  limiting  fac- 
tors are  a  profitable  market  and  the  availability  of  the  right  kind 
of  labor.  Still  another  factor  not  so  evident  as  either  of  these  is  the 
way  the  various  enterprises  fit  in  with  each  other  so  as  to  interfere 
as  little  as  possible.  Each  crop  not  only  has  its  peculiar  method  of 
cultivation,  but  also  its  own  peculiar  seasons  for  the  various  opera- 
tions required.  Not  only  must  a  certain  amount  of  labor  be  given, 
but  this  labor  usually  must  be  applied  within  definite  seasons.    Hence 

>  Definitions :  Certain  special  terms  used  in  this  bulletin  are  defined  below  : 

Farm  enterprise. — Any  crop  or  live-stock  undertaking  on  the  farm,  such  as  corn, 
tobacco,  l>eef  cattle,  or  swine. 

Lobor  income. — The  amount  the  farmer  receives  for  liis  labor  and  management  besides 
the  house  rent,  food,  and  other  perquisites  the  farm  may  furnish.  It  is  found  by  sub- 
tracting current  expenses  and  interest  on  the  total  investment  in  the  farm  business  from 
receipts. 

Animal  unit. — The  equivalent  of  a  mature  farm  animal,  as  a  horse,  cow,  or  ste.er ;  7 
aheepv  14  lambs,  5  hogs,  10  pigs,  100  poultry,  2  head  of  young  cattle  or  colts  are  equiva- 
lent to  an  animal  unit 

Labor  unit. — A  man-day's  work  of  10  hours. 

Power  unit. — One  day's  work  of  a  mule,  horse,  or  the  equivalent  of  this  work  done  by 
an  engine. 

Crop  indew. — A  figure  that  measures  the  yield  of  all  crops  on  a  farm  as  compared  with 
the  average  yield  <5t  the  community.  '  One  hundred  is  taken  as  the  standard  measure  of 
the  farm  yield  of  the  community. 

Diversity  index. — A  factor  derived  by  reducing  all  the  enterprises  of  the  farm  to  their 
equivalent  represented  by  a  number  of  enterprises  equal  in  value.  It  measures  the  degree 
of  dlTersificatlon  of  enterprises  on  the  farm. 

e4453'*— BuU.  482—17 2 
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the  organization  of  these  enterprises  must  take  into  account  economy 
in  the  distribution  of  labor.  Even  though  an  enterprise  like  tobacco, 
for  instance,  mity  yield  a  very  large  profit  per  acre,  the  amount 
that  can  be  handled  profitably  on  a  given  farm  is  limited  not  only 
by  the  amount  of  good  tobacco  soil,  but  by  such  a  relation  of  the 
tobacco  crop  to  other  established  enterprises  as  will  bring  about  the 
most  advantageous  distribution  of  available  labor  as  well  as  other 
advantages  of  diversity.  Figures  7  and  8  show  the  seasonal  distribu- 
tion of  operations  required  by  the  crops  grown  here,  and  illus- 
trate how  the  operations  are  limited  as  to  seasons  and  are  distributed 
through  the  year.  These  diagrams  are  based  on  the  practice  of 
about  75  farmers  for  each  crop.  The  black  lines  indicate  the  limits 
of  the  average  of  the  estimates  given*  and  the  dotted  lines  show  the 
limits  of  the  range  of  these  estimates. 

LIVE  STOCK. 

In  a  manner  somewhat  similar  to  crops,  live-stock  enterprises  re- 
quire special  attention  at  limited  seasons  of  the  year,  so  that  in  any 
system  of  general  farming  the  operations  required  by  them  have  an 
important  influence  in  the  organization  of  the  farm.  In  figures 
9  and  10  there  are  shown  the  principal  operations  and  events  occurring 
in  the  life  of  animals  on  the  farm. 


Table  III.- 


-Labor  units  and  power  units  required  by  various  enterprises  {based 
on  average  of  about  75  records  for  each  enterprise). 


Enterprise. 


Labor 
units.^ 

Power 
units.' 

Per 

Per 

acre. 
38.8 

acre. 
7.7 

4.6 
2.4 
1.2 

4.4 
3.5 
1.6 

1.3 
.9 
.2 

2.0 
1.3 
.6 

1.2 
1.2 

1.4 
2.0 

Enterprise. 


Labor 
units.1 


Power 
units.* 


Tobacco 

Com: 

Shocked  and  put  Into  crib . 

Hoiked  down 

Wheat 

Rye: 

Thrashed 

Cut  and  fed  as  hay 

Pastured 

Oats: 

Thrashed 

Fed  in  bundles 


Meadow  hay , 

Cowpeas  and  soy  bcAns. . 


Ordinary  milch  cows  on  term 

Dairv  cows,  including  marketing 

!  Beef  cattle  or  general  stock  cattle . . 

,  Sheep 

Swine 


Per 
Here. 
1.1 
1.8 

Per 
animal 
unit. 
12.3 

18.3 
1.0 
2.3 
LI 


Per 

acre. 
0.7 
3.0 

Per 
animal 
unit. 
L5 

6..3 

.9 

.05 

.02 


»  Labor  unit:  A  man-day's  work  of  10  hours. 

>  Power  unit:  One  day's  work  by  a  mule,  horse,  or  the  equivalent  of  this  work  done  by  an  engine. 

LABOR  AND  POWER  UNITS  REQUIRED. 

The  average  number  of  labor  units  and  power  units  required  for 
each  crop  and  stock  enterprise  is  shown  in  Table  III.  These  are  based 
<m  about  25  records  obtained  in  each  of  the  counties  studied  as  pre- 
viously explained.  The  farmers'  practice  relative  to  the  amount  of 
work  put  upon  the  crops  and  live  stock  is  quite  uniform  throughout 
the  region.    The  variations  that  occur  are  due  mainly  to  weather  con- 
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ditions  and  conditions  of  the  soil  rather  than  to  the  individual  prac- 
tice of  each  farmer.  It  is  believed  that  the  estimate  of  50  to  75 
farmers  will  give  a  very  close  average  for  the  practice  here. 
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Fio.  7. — ^Diagram  showing  the  seasonal  distribution  of  labor  on  intertilled  and  cereal 
crops.    (Black  lines  Indicate  average,  dotted  lines  extreme  range.) 

The  average  farm  of  this  region  (about  300  acres)  furnishes  about 
900  productive  labor  units  and  about  450  productive  power  units.* 

*  By  the  terms  **  productive  labor "  and  "  productive  power  '*  is  meant  the  labor  or 
power  applied  direct-ly  to  an  enterprise  which  produces  an  income,  such  as  a  crop  or  a 
group  of  animals,  or  work  which  increases  the  value  of  the  farm,  such  as  building  new 
fences,  making  new  drains,  etc.  Repair  work  or  mowing  down  weeds,  etc.,  although  neces- 
sary, is  not  regarded  as  "  productive." 
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CROP  YIELDS  FOR  1913. 

The  yields  of  important  crops  are  given  in  Table  IV.    All  except 
com  are  above  the  figures  given  for  the  same  locality  in  the  census 

Table  IV. — Average  crop  yields  in  Mason,  Madison,  and  Scott  Counties  for  1913, 
compared  toith  census  figures  of  1910, 


Crops. 

178 

racords, 

1913. 

Census, 
1910. 

Crops. 

178 

records, 

1913. 

Census, 
1910. 

Corn 

Tobacco. 
Wheat... 

..buahels.. 
.  .pounds. . 
..bushels.. 

34.5 

1,133 

16 

3S.8 
1,063 
12.9 

gry.;;. 

..bushels.. 

UHlfl.. 

9.9 
•1.05 

9 

of  1910,  The  corn  crop  was  imdoubtedly  cut  short  by  the  abnor- 
mally low  rainfall  in  June,  July,  and  August,  1913  (see  rainfall 
chart,  fig.  6.)  Tobacco  being  a  drought-resisting  plant,  was  prob- 
ably not  much  affected.    The  bluegrass  pastures,  however,  were  un- 


M0NTH5 

JAN 

FEB. 

MAR. 

APR. 

MAY 

JUNE 

JULY 

AUG 

SEPT. 

OCT 

NOV 

DEC 

AVAILABLE 
WO«i\   DAYS 
IM   PICUD* 

9 

10 

13 

17 

20 

21 

21 

20 

20 

19 

n 

13 

1 

SORGHUM 

^MAJJ^ 

'* 

COT 

MAWW    » 

•AMM 

•i»R.     OMAft 

*•• 

CUkTIVA 

—SUL 

1 

TIMOTHY 
&  CLOVER 

MAUk    1 

MCO  «t 

piSL.. 

.,   "or 

Jt^ 

2iSL?. 

syjj5.*" 

fS5«.. 

,j. 

ftMOCA 

»TACA    01 

HHAUI-TO 

ro  MRM    OR  WAMUtt 

COWPELAS 

.,..•« 

AH 

•  .  ROCC 

MAAAOI. 



CUT 

0l»R^ORi 

2£S&  .. 

CU^IVA 

rt. 

RAN* 

»^« 

•  mm*if 

««.    TO»A 

ss**** 

SOY  BCANS 

•MtAH 

' 

CULTIV 

kT» 

•  a* 

CUT 
■A«t 

•moca 

UL  TO  BA 

RM 

J^l 

MA A ROM 

•"» 

1                        1 

Fio.  8. — Diagram  showing  the  seasonal  distribution  of  labor  on  forage  crops.     (Black 
lines  indicate  average,  dotted  lines  extreme  range.) 

doubtedly  shorter  than  usual  during  this  year,  and  as  a  consequence 
some  of  the  farms  were  unable  to  support  the  normal  amount  of  live 
stock  through  the  summer. 

This  year  was  a  good  one  for  wheat,  which  is  an  early-maturing 
crop.  The  fall  and  winter  rains,  much  above  the  normal  in  amount, 
helped  to  give  it  a  good  start,  and  a  dry  harvest  period  was  very 
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favorable.    Since  there  was  sufficient  moisture  to  give  tobacco  a  good 
start,  the  dry  summer  may  have  been  of  some  advantage  to  that  crop. 
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Pig.  9. — Diagram  showing  the  seasonal  feeding  practice  relative  to  cattle,  sheep,  and 
Bwine.     (Black  lines  indicate  average,  dotted  lines  extreme  range.) 
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Taking  into  consideration  all  factors,  this  season  undoubtedly  is 
fairly  representative  of  an  average  year. 
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LAND  TENURE  AND  CROPPER  LABOR. 

A  large  majority  of  the  farms  here  are  operated  by  owners,  while 
most  of  the  tobacco,  and,  to  some  extent,  com  and  other  crops,  are 
raised  by  croppers.  These  may,  however,  be  regarded  as  practically 
laborers,  since  in  most  cases  the  owner  or  regular  tenant  of  the  farm 
on  which  the  cropper  operates  has  general  supervision.  In  most 
cases  the  owner  or  regular  tenant  furnishes  the  work  stock  and  tools 
and  looks  after  the  sales.  Receipts  from  the  crops  are  usually  divided 
equally  between  the  farm  operator  and  the  cropper.  The  cropper  as 
a  rule  lives  on  the  farm,  has  the  use  of  a  cottage  and  small  garden, 
and  is  allowed  to  pasture  a  cow  or  two  and  a  horse,  if  he  owns  one. 
This  system  gives  a  little  added  independence  to  the  laborer  and 
enables  him  to  support  a  family,  the  members  of  which  can  utilize 
much  of  their  time  to  advantage  by  working  in  the  tobacco  fields. 

Table  V. — Relation  of  tenure  to  capital  and  to  rents  {averages  of  177  hluegrass 

farms). 


Tenure. 

Number 

of 
records. 

Siseof 
fianu. 

Total 
capital. 

Invest- 
ment in 
real  es- 
tate. 

Invest- 
ment in 
working 
capital. 

Land 

earnhigB 

per 

acre.i 

6per 
cent  in- 
terest on 
rea]-ee»- 
tatevahie 
per  acre. 

Rent  paid 
bytoiaiit 
per  acre. 

Owpcr  fftr?n«  

130 
27 

13 

7 

AcrcM. 
303 

344 

356 
192 

137,741 

40.056 

36.377 
27,465 

132,646 

33,822 

31,483 
23,950 

15,096 
6,234 
4,804 

15.07 

4.22 

6.20 
7.62 

15.30 
4.02 

4.42 

6.24 

Owner— additional 

Cash  tenant 

/     «f4.70 

\    »i2.eo 

4  oa 

Share  tenant .     

7.33 

'        ' 

AlHfM^s. . 

U77          309 

37,091        ."{2.780  1        fi.Zll 

6.34 

6.25 

6.06 

1  Land  earnings  are  the  difference  between  value  per  acre  of  total  production  and  total  operating  expenses. 
Total  production  includes  the  value  of  all  crops  sold,  fed  to  live  stoclc,  and  used  by  the  family;  also  value 
of  all  If ve-stoclc  products  and  net  receipts  from  live  stock  sold .  Operating  expenses  are  all  cnirent  expeoMS 
including  value  of  products  oonsimied  and  operator  labor  and  management,  out  not  interest  on  roaratate 
value. 

«Cash. 

•Share. 

*  One  additional  farm  operated  by  a  manager. 

Table  V  shows  the  farms  grouped  on  the  basis  of  tenure.  One 
hundred  and  thirty  out  of  177,  or  about  74  per  cent,  of  the  farms  in- 
cluded in  this  study  are  owner  farms.  It  is  interesting  and  instructive 
to  compare  in  this  table  the  land  earnings  with  the  rental  value  of 
the  land,  which  is  here  assumed  to  be  5  per  cent  on  the  real-estate 
investment.  The  average  of  all  farms  in  the  group  earns  but  9 
cents  per  acre  more  than  5  per  cent  on  the  average  estimated  acre 
value  of  real  estate.  The  average  tenant  pays  $5.06  per  acre  rent, 
which  is  but  19  cents  less  than  the  interest  at  5  per  cent.  Some 
farmers  fail  to  clear  as  much  as  fair  interest  on  the  land  investment; 
others  clear  much  more,  but  the  average  is  not  far  from  5  per  cent 
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on  investment.  If  all  the  farmers  were  found  to  be  making  more 
than  the  current  rate  of  interest  on  their  valuation  of  the  land  the 
tendency  would  naturally  be  toward  an  increase  in  land  values  and  a 
rise  in  rents.  The  farmers  in  this  section  have  evidently  valued  their 
land  approximately  on  the  basis  of  its  real  earning  capacity. 

The  fact  that  the  average  farmer  in  the  group  studied  had  left, 
after  counting  out  all  operating  expenses,  just  about  enough  to  pay 
interest  on  his  land  investment  does  not  indicate  that  the  farmer  is 
not  making  money.  On  the  other  hand,  it  ifiay  indicate  quite  the 
opposite.  In  arriving  at  the  remainder  left  for  interest  the  average 
farmer  is  allowed  fair  wages  for  his  services  as  manager  and  his 
family  is  allowed  common  wages  for  the  work  they  do.  In  addition, 
the  family  have  a  home  and  a  large  percentage  of  their  food  free  of 
money  cost  and  a  fair  rate  of  interest  on  the  working  capital  in- 
vested. In. the  case  of  a  large  number  of  farmers  in  the  region  equal 
comfort  in  the  home  and  its  surroundings  and  equal  opportunity  for 
outdoor  recreation  could  not  be  afforded  in  the  city  except  by  the 
more  wealthy.  These  advantages  have  a  real  value,  but  they  evi- 
dently have  not  been  capitalized  by  the  farmers  who  gave  the  records. 

A  few  farmers  during  the  year  made  comparatively  large  profits, 
while  a  few  suffered  large  losses,  the  main  reasons  for  which  will  be 
pointed  out  in  the  following  pages.  The  large  majority,  however, 
could  live  in  comfort  and  lay  aside  something  in  the  bank. 

It  will  be  noticed  that  cash  tenants  pay  less  rent  than  do  those  who 
rent  on  shares.  There  would  naturally  be  a  certain  difference  in 
favor  of  the  cash  tenant,  since  usually  the  landlord  would  rather  rent 
at  a  lower  rate  for  cash  than  for  a  share  of  the  crop ;  but  the  large 
difference  shown  in  the  table  is  due  principally,  no  doubt,  to  the  fact 
that  most  of  the  share-rented  land  is  in  relatively  small  areas  and 
much  of  it  is  devoted  to  tobacco,  one-half  of  which  is  turned  over  to 
the  owner.  On  the  other  hand,  cash-rented  land  is  in  large  areas 
and  devoted  more  largely  to  pasture. 

IMPORTANCE  OF  SIZE  OF  FARM. 

The  farms  vary  greatly  in  size.  The  smallest  farm  had  35  acres, 
the  largest  5,000.  This  factor  more  than  any  other  seems  to  deter- 
mine their  organization,  as  the  following  analysis  will  show : 

RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  RECEIPTS. 

In  Table  VI  it  will  be  seen  that  the  small-sized  farms  get  most  of 
their  receipts  from  crops,  while  the  large  farms  get  most  of  their 
income  from  live  stock.  Small  farms  have  the  largest  percentage  of 
receipts  from  tobacco.  This  crop  decreases  in  relative  importance  as 
the  farms  increase  in  size. 
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Table  VI. — Relation  of  size  of  farm  to  receipts  from  crops  and  live  stock. 


Range. 

Nimiber 

of 
records. 

Average 
size. 

Percent 
receipts 

from 
all  crops. 

Percent 
receipts 

from 
tobacco. 

Percent 

receipts 

fr(»niive 

stock. 

100  acres  w  less 

19 
48 
51 
33 
15 
12 

Acres. 
73 
156 
251 
382 
571 
1,020 

63 
58 
56 
50 
48 
43 

44 

37 
34 
30 
25 
19 

34 

101  to  200  acres 

41 

201  to  300  acres 

43 

301  to  500  acres 

49 

601  to  700  acres 

50 

Over  700  acres , -. 

55 

All  farms • 

178 

310 

55 

34 

44 

RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  CROPS. 

The  percentage  area  in  crops  decreases  and  the  percentage  area  in 
pasture  increases  as  the  size  of  the  farm  becomes  larger,  as  shown  in 
Table  VII.  This  relative  variation  is  consistent  with  the  facts 
brought  out  in  Table  VI,  since  the  increase  in  percentage  ariea  in 
pasture  would  mean  more  live  stock  and  thus  a  higher  percentage  of 
receipts  from  this  source.  The  percentage  area  in  tobacco  is  largest 
on  the  small  farms.  The  small  farmer  increases  the  size  of  his 
business  by  this  means.  More  labor  is  thus  employed  per  acre  and  a 
greater  income  realized.  In  the  case  of  other  crops  the  size  of  the 
farm  apparently  affects  the  distribution  but  little. 

Table  VII. — Percentage  distribution  of  farm   area  in  various  crops    {farms 
grouped  on  the  basis  of  size). 


BiKotfarm. 

Number 

of 
records. 

Percent 
of  farm 
area  in 
crops. 

Percent 
of  farm 
area  in 
pasture. 

Percent 

offann 

area  in 

corn. 

Per  cent 
offann 
area  in 
tobacco. 

15 
11 
10 
9 
8 
7 

• 

Percent 
of  farm 
area  hi 
wheat. 

Percent 
of  farm 
areata 
other 
cereals. 

Percent 
offann 
areaJn 

hay  and 
mixed 
forage. 

100  acres  or  less 

101  to  200  acres 

201  to  300  acres 

301  to  500  acres 

601  to  700  acres 

Over  700  acres 

19 
48 
51 
33 
15 
12 

56 
58 
42 
44 
46 
35 

39 
41 
64 
53 
53 
59 

41 
32 
36 
35 
39 
40 

13 
26 
23 
23 
23 
23 

13 
10 
13 
16 
16 
14 

14 
19 
17 
15 
13 
14 

All  farms 

178 

47.9 

48.9 

36 

9 

24 

14 

15 

RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  LIVE  STOCK. 

Cattle  predominate  among  the  live-stock  enterprises,  an  average 
of  60  per  cent  being  of  this  class,  and  about  this  percentage  dis- 
tribution is  maintained  on  farms  of  all  sizes,  excepting  farms  over 
700  acres  in  size,  which  show  75  per  cent  of  animal  units  in  cattle. 
These  facts  are  shown  in  Table  VIII.  Steers  predominate  on  the 
larger  farms,  while  a  larger  percentage  of  cows  and  young  stock  are 
kept  on  the  smaller  farms.  The  distribution  of  other  kinds  of  ani- 
mals is  not  influenced  in  any  important  way  by  the  size  of  the 
farm.   The  fact,  however,  that  all  farms  have  about  the  same  amount 
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of  poultry  makes  the  percentage  amount  kept  on  small  farms  much 
larger  than  on  large  farms. 

Table  VIII. — Percentage  distribution  of  different  classes  of  animal  units. 


Number 

of 
records. 

Percent 

cows  and 

young 

stock. 

Percent 
steers. 

Per  cent 
total 
cattle. 

Per  cent 

horses 

and 

mules. 

Percent 
sheep. 

Percent 
swine. 

Percent 
fowls. 

lOOacree  or  leas 

101to300acre6 

201  to  300  acres 

301  to  500  acres 

601  to  700  acres 

Over  700  acres.... 

19 
48 
51 
33 
15 
12 

24 
26 
22 
14 
12 

39 
26 
35 
48 
50 
64 

65 
52 
56 
61 
62 
74 

7 
6 
5 
6 
6 
2 

3 
10 
15 
11 
12 

6 

19 
26 
20 
20 
18 
17 

6 
6 
4 
2 
2 
1 

178 

16  j             44 

60 

5  ;              11 

20 

4 

RELATION  OF  SIZE  OF  FARBf  TO  CAPfTAL  AND  INCOME. 

Table  IX  shows  the  amount  of  capital  invested  on  farms  of  vari- 
ous sizes,  and  shows  also  the  farm  income  and  labor  income.  The 
farm  income  increases  with  the  size.  The  labor  income  similarly  in- 
creases with  the  size  of  the  farm.  There  is  an  exception  in  the 
group  of  farms  of  from  301  to  500  acres.  There  falls  into  this 
group  a  large  number  of  farms  classified  as  "  general  mixed  farms  " 
(see  p.  18),  which  stand  between  the  types  specializing  in  either  to- 
bacco or  live  stock,  and  which  are  the  least  efficient  of  all  types.  (See 
also  Table  X.) 

Table  IX. — Capital  and  incomes  on  farms  of  different  sizes. 


Size  of  form. 

Number 
of  records. 

Avera^ 
sizeot 
fieurm. 

Total 

capital 

invested. 

Invest- 
ment in 

real 
estate. 

Invest- 
ment in 
working 
capital. 

Farm  in- 
come. 

Labor 
income. 

Less  than  100  acres 

19 
48 
51 
33 
15 
12 

Acre*. 

\      73 
156 
251 
382 
571 
1,020 

$12,502 
21,241 

30,697 
48,618 
75,836 
97,009 

$10,338 
18,203 
26,548 
41,856 
66,612 
82,952 

$2,164 
3,038 
4,149 
6,762 
9,224 

14,057 

$1,083 
1537 
2,015 
2,554 
4,809 
6,504 

$473 

101  to  200  acres. 

518 

»1  to  300  acres 

595 

mtoSOOacres.    

299 

£01  to  700  acres. 

1,542 

Ovw  700  acres      

2,130 

All  farms 

178 

310 

37,793 

32,585 

5,208 

2,419 

686 

Table  X. — Relation  of  size  of  farm  to  utilization  of  labor,  power,  and  ma- 
chinery. 


Size  of  Harm. 

Number 
of  farms. 

19 
48 
51 
33 
15 
12 

Per  cent  of 
available 

time 
utilized  by 
man  labor. 

Per  cent  of 
available 

time 
utilized  bv 
work  stock. 

Cost  of 

work  stock 

per  power 

imit. 

Cost  of 

macbinery 

per  power 

unit. 

LesB  than  100  acres 

78 
95 
87 
84 
80 
80 

27 
28 
33 
33 
37 
48 

$2.68 
1.84 
1.54 
1.78 
1.36 
1.18 

$0.46 

100  to  200  acres 

.35 

201  to  300  acres 

.21 

»lto500acr« 

.17 

501  to  700  acres.                            

.13 

Over  TOO  acres 

.07 
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Table  XL — Relation  of  size  of  business  (measured  by  operating  expenses)   to 

labor  income. 


Operating  expenses. 


Number 
of  records. 


$3,000  or  less. . . 
13,001  to  $5,000. 
$5,001  to  $7,000. 
Over  $7,000.... 

AUfarms 


178 


Farm 
area. 


Acra. 
143 
234 
320 

648 


310 


Average 
operating 
expenses. 


$2,236 
3,785 
5,787 

10,022 


5,001 


Value  of 
total  pro- 
duction. 


$2,d55 
4,932 
7,651 

13,461 


6,630 


Labor 
income. 


518 

786 

1,398 


RELATION  OF  SIZE  OF  BUSINESS  TO  LABOR  INCOME. 

The  size  of  the  farm  in  this  region  is  an  unreliable  measure  of 
the  size  of  the  farm  business,  owing  to  the  fact  that  many  farms  with 
a  comparatively  small  arceage  have  a  larger  business  than  is  con- 
ducted on  farms  much  larger  in  area.  The  operating  expenses,  how- 
ever, give  an  approximately  accurate  measure  of  the  size  of  business. 
In  Table  XI,  showing  the  relation  of  the  size  of  business  to  labor 
income,  the  farms  are  sorted  into  groups  on  the  basis  of  operating 
expenses.  It  will  be  observed  that  the  labor  income  increases  with 
the  size  of  business. 

TYPES  OF  FARMS. 

Table  XII  shows  the  farms  grouped  on  the  basis  of  type.^  Judg- 
ing from  the  mere  outward  appearantje  of  all  the  farms  studied, 
except  the  10  dairy  farms,  there  would  seem  to  be  one  general 
type  of  farm.  All  raise  about  the  same  crops  and  handle  about 
the  same  classes  of  live  stock.  The  differences  lie  in  the  relative 
percentage  of  receipts  from  live  stock,  tobacco,  and  other  croi>s, 
which  affects  the  organization  and  thus  distinguishes  specific  types. 
The  stock  farms  require  less  labor  in  proportion  to  size  of  business 
and  to  size  of  farm  than  farms  of  the  tobacco  or  the  dairy  type. 
Stock  farming,  to  be  profitable,  requires  relatively  a  large  amount 
of  capital  invested  in  live  stock  and  less  per  acre  in  land.  Tobacco, 
on  the  other  hand,  is  a  highly  specialized  enterprise,  requiring  a 
large  amount  of  labor  per  acre  of  crops  and  yielding  much  greater 
returns  per  acre  than  live  stock.     (See  Table  XII.) 

^The  tobacco  type  Includes  all  farms  that  haye  50  per  cent  or  more  of  their  receipts 
from  tobacco,  with  not  over  30  per  cent  from  any  one  other  source. 

Tobacco-8tocl£  farms  have  75  per  cent  or  more  of  their  receipts  from  tobacco  and  live 
stock  combined,  the  income  from  neither  being  below  30  per  cent. 

The  general  mixed  type  includes  all  farms  that  do  not  fall  into  any  of  the  other  types. 

Stock  farms  with  tobacco  have  50  per  cent  or  more  of  their  receipts  from  live  stock, 
with  not  over  30  per  cent  from  any  one  other  source. 

Stock  farms  with  no  tobacco  have  50  per  cent  or  more  'of  their  receipts  from  lire  stock, 
but  grow  no  tobacco. 

Dairy  farms  have  50  per  cent  or  more  of  their  receipts  from  dairy  prodacts. 
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Table  XII. — Showing  the  grouping  of  farms  on  the  basis  of  type,  the  size  of 
farm,  the  distribution  of  capital,  and  the  labor  income  of  each. 


Type  of  farm. 


Tobacco 

Tobacco  stock 

General  mixed 

Stock  with  tobacco. . . 
Stock  with  no  tobacco 
Dairy 

All  farms 


Number    Averafte 

of 
records. 


Total  Real 
size  of  I  capital  estate 
farm,    j  per  farm,  per  farm. 

I  I 


Acres. 
171 
300 
328 
367 
457 
163 


S24.603  I 
34,841  I 
43,198  ! 
45,613  I 
44,148  I 
22,494 


121,729 
30,069 
38,540 
38,468 
35,603 
17,732 


187 


310  :      37,793  I      32,585 


Working 

capital 

per  farm. 


12,964 
4,772 
4,658 
7,145 
8,545 
4,762 


5,208 


Labor 

income 

per  farm. 


1503 
778 
471 

1,202 
994 

1,931 


686 


Tobacco,  of  course,  occupies  relatively  but  a  small  part  of  the 
area  even  of  the  tobacco  farms,  while  pasture  occupies  from  one- 
third  to  more  than  one-half  of  the  farm  area  on  the  stock  farms« 
(See  figs.  11  and  12.) 

RELATION  OF  TYPE  OF  FARM  TO  EFFICIENCY. 

In  Table  XIII  an  important  point  to  be  observed  is  the  relation 
between  land  earnings  and  5  per  cent  interest  on  land  values,  which 
may  be  regarded  as  rent.  The  average  of  each  type,  except  the  gen- 
eral mixed  type,  is  making  something  above  operating  expenses.  The 
average  of  all  farms  shows  almost  a  balance  between  land  earnings 
and  rent.  The  dairy  type  shows  the  highest  profits  and  highest  effi- 
ciency. This  type  is  limited  in  its  development,  however,  since  it  de- 
pends for  marketing  its  product  on  the  local  towns  and  cities.  The 
type  not  thus  limited  in  its  development  which  shows  the  highest 
efficiency  is  the  stock-with-tobacco  type.  With  the  exception  of  the 
dairy  farms,  this  type  had  the  highest  percentage  of  farms  making 
over  $500  labor  income.  The  general  mixed  farms  had  the  lowest 
efficiency  and  the  lowest  percentage  of  farms  making  this  amount  of 
labor  income. 

Table  XIII. — Relation  pf  type  of  farm  to  efficiency. 


Number, 
of  rec- 
ords. 

Value  of 
total  pro- 
duction 
per  acre. 

Operating 
expense 
per  acre. 

Land  earn- 
ings per 
acre. 

5  per  cent 
interest  on 
land  value. 

Per  cent  of 
farms  with 
over  $500 
labor  in- 
come. 

Tobacco 

31 
61 
36 
31 

18 
10 

$28.40 

24.80 
22.14 
28.20 
16.97 

47.88 

122.50 
19.50 
17.11 
19.70 
12.60 
28.82 

$5.90 
5.30 
5.03 
8.50 
4.37 

19.06 

$6.35 
5.00 
5.90 
5.25 
3.90 
5.45 

50 

Tobacco  stock 

50 

Hen^n^I  mix«l . , 

36 

Stock  with  tobacco 

58 

Stock  with  no  tobacco 

55 

Dairy 

70 

Average  of  all 

187 

21.40 

16.06                    .'i-34 

5.25 

49 
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RELATION  OF  TYPE  OF  FARM  TO  UTILIZATION  OF  PASTURE. 

According  to  results  shown  in  Table  XIV,  the  dairy  type  of  farm 
would  seem  to  utilize  pasture  most  efficiently.  This,  however,  is  not 
necessarily  true.    The  apparent  efficiency  of  that  type  may  be  ex- 


Fio.  11. — Typical  tobacco  field.     Even  on  the  tobacco  farms  tobacco  occupies  a  rela- 
tively small  part  of  the  farm  area. 

plained  by  the  fact  that  dairy  farms  depend  on  silage  and  concen- 
trated feeds  in  addition  to  hluegi-ass  pasture,  while  the  other  types 
of  farms  mostly  "  rough  "  the  young  cattle  and  steers  through  the 
winter  and  depend  entirely  on  bluegrass  to  put  on  growth  and  fat 
during  the  summer.  This  system  would  necessarily  require  more 
acres  of  pasture  per  animal  unit  than  the  dairy  system.  It  will  be 
observed,  however,  that  the  stock-with-tobacco  type  utilizes  pasture 
area  more  efficiently  than  any  of  the  other  common  types. 


Table  XIV. — Relation  of  type  of  farming  to  utilization  of  pasture  area. 

Typo  of  farm. 

Number 
ofrec- 
ords. 

Crop 
index. 

Farm 
acres  per 
animal 

unit. 

Pasture 

acres  per 

animal 

unit. 

Tobacco 

31 
61 
36 
31 

18 
10 

93 
96 
99 
102 
113 
99 

10 
6 
8 
5 
6 
3 

4  3 

Tobacco,  stock 

3  3 

General  mixed 

3.7 

Stock  with  tobacco 

2  7 

Stock  with  no  tobacco 

3.6 

Dairy 

1  8 

The  renting  value  of  land,  as  shown  in  Table  XIII,  would  indicate 
that  with  the  exception  of  the  stock-with-no-tobacco  type  the  land 
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should  be  similar  in  quality.  The  stock-with-no-tobacco  type  of  farm 
is  the  largest  in  area  and  usually  much  of  the  pasture  land  is  hilly  and 
of  poor  quality,  hence  would  not  be  expected  to  utilize  pasture  area  as 
efficiently  as  could  be  done  on  lands  better  in  quality  and  higher  in 


Fig.  12. — Typical   bluegrass  pasture.     Bluegrass  occupies  from  one-third  to  more  than 
one-half  of  the  farm  area  on  the  stoclt  farms. 

price.  The  tobacco  farms  and  the  "general  mixed"  farms  would 
seem  to  have  higher  quality  of  land,  yet  there  is  comparatively  low 
efficiency  in  the  utilization  of  pasture  area.  These  types  specialize  on 
crops  and  apparently  have  neglected  to  utilize  fully  pasture  land. 

RELATION  OF  TYPE  OF  FARM  TO  CROP  YIELD. 

Table  XV  shows  for  the  year  1913  the  yield  of  various  crops  in  the 
region. 

Table  XV, — Average  yield  of  crops  on  farms  of  various  types. 


Type  of  farm. 

Number 
rec6rds. 

Yield  of 
com. 

Yield  of 
tobacco. 

Yield  of 
wheat. 

Yield  of 
rye. 

Yield  of 
oat  hay. 

Yield  of 
hay. 

Tobacco ..  . 

31 
61 
36 
31 
18 
10 

Bushels. 
30.5 
33.1 
30.6 
36.6 
44.2 
29.6 

Pounds. 
1.196 
1,112 
1,093 
1,192 

Bushels. 
17.7 
14.5 
17.0 
15.0 
14.5 
19.6 

Bushels. 

9.1 
10.0 
10.4 
10.3 

7.14 

Tons. 
0.67 

.94 
1.26 
1.40 

.88 

Tons. 
1  09 

1.06 

2?o«al  mixed 

1.12 

Stock  vith  tobacco 

.98 

Stock  with  no  tobacco. .      . 

.85 

1,064 

1  10 



AUfarms 

187 

34.  r, 

1.132 

J6.0 

9.9 

1.06 

1.05 

As  is  pointed  out  in  Table  IV,  page  12,  the  corn  crop  was  cut 
abort  by  drought.    The  com  crop  is  important  in  proportion  to 
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the  amount  of  live  stock  kept.  The  stock-with-tobacco  and  the  dis- 
tinctly stock  types  show  higher  yields  than  other  common  tyx)es. 
The  fact  that  the  dairy  farms  show  a  low  yield  of  com  can  not  be 
explained  unless  by  the  fact  that  the  records  were  few.  The  crop 
index  would  show  that  the  productiveness  of  the  farm  increases  with 
increasing  importance  of  live  stock  and  decreases  with  increasing 
importance  of  tobacco. 

IMPORTANCE  OF  RIGHT  AMOUNT  OF  LIVE  STOCK  ON  THE  FARM. 

The  fact  that  about  half  of  the  area  of  these  farms  is  kept  in  blue- 
grass  pastures  makes  the  full  utilization  of  such  pasture  a  matter  of 
great  importance.  The  relation  that  this  bears  to  efficiency  is  shown  in 
Tables  XVI  and  XVII. 

Table  XVI. — Relation  of  utUtzation  of  pasture  area  to  efficiency. 


Pasture  per  animal  unit. 

Number 

of 
records. 

Average 
number 
acres  of 
pasture 
per  ani- 
mal unit. 

Avera^ 

farm 

acres  per 

animal 

unit. 

Feed  cost 
per  ani- 
mal unit.* 

Labor 
income. 

3  Acrea  or  less 

42 
49 
38 
17 
25 

1.4 
2.5 
8.6 
4.4 

7.0 

4 
5 
9 
8 
10 

S31 
87 

88 
45 
58 

$1,114 

2.1  to  3  acres 

900 

3.1  to  4  acres 

711 

4.1  to  5  ecres 

311 

Over  6  acres 

-93 

1  The  feed  co9t  here  calculated  included  the  value  of  pasture,  which  ranged  firom  12.25  to  $5  per  acre 
and  averaged  about  $3.50  per  acre. 

Table  XVII. — Relation  of  farm  acres  per  animal  unit  to  crop  index  and  labor 
income  on  121  farms  similar  in  type. 


Farm  acres  per  animal  unit. 

Number 
of 

Average 

acres  per 

animal 

unit. 

Size  of 
farms. 

Value  of 

land 
per  acre. 

Crop 
index. 

lAbor 
income. 

Less  than  4  acres         

17 
36 
28 
26 
20 

^3.1 

4.8 
6.1 
7.6 
12.0 

Aeret. 
219 
294 
303 
306 
354 

$138 
111 
106 
115 
100 

115 
108 
100 
08 
100 

$1,381 

4  to  5.4  acres 

1.006 

5.5  to  6.9  BCTQS - 

30S 

7  to  8.9  acres 

2M 

Over  9  acres 

-214 

In  the  first  of  these  tables  is  shown  the  relation  of  acres  of  pasture 
per  animal  unit  to  labor  income,  in  the  other  the  relation  of  farm 
acres  per  animal  unit  to  these  factors.  The  group  of  farms  most 
heavily  stocked  has  also  the  highest  priced  land  and  shows  the 
highest  crop  index.  This  fact  may  explain  why  this  particular 
group  was  able  to  stock  most  heavily.  The  other  groups,  however, 
do  not  show  any  marked  difference  in  respect  to  the  quality  of 
the  land,  as  shown  by  the  values  given  and  the  crop  index,  and  it 
would  naturally  be  expected  that  each  would  show  about  the  same  eflB- 
ciency  in  the  utilization  of  pasture  area.  The  failure  to  maintain 
efficiency  in  this  regard  has  evidently  been  an  important  factor  in 
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lowering  general  efficiency  and  thus  labor  incomes.  The  farms  that 
have  labor  incomes  below  $500  ahnost  invariably  show  a  poor 
utilization  of  pasture  area. 

It  will  be  observed  in  Table  XVI  that  the  group  of  farms  which 
furnishes  over  5  acres  of  pasture  for  each  animal  unit  have  nearly 
twice  the  feed  cost  per  farm  as  the  group  that  furnished  but  2  acres  or 
less.  This  increased  feed  cost  would  necessarily  follow  where  the 
acreage  used  by  each  animal  unit  increased  with  no  decrease  in  the 
cost  per  acre  of  pasture.  The  group  of  farms  showing  lowest  effi- 
ciency in  the  utilization  of  pasture  area  was  only  slightly  lower  in 
general  quality  than  the  preceding  group  and  about  the  same  quality 
as  the  third  group,  as  indicated  by  the  value  of  the  land. 

CROP  YIELD  AN  IlfPORTANT  FACTOR  IN  EFFiaSNCT. 

A  factor  of  prime  importance  to  profitable  farming  on  these  farms 
is  the  crop  yields.  In  Table  XVIII  is  shown  the  relation  of  crop 
yield  to  labor  income  and  farm  efficiency.  The  yield  of  all  crops  is 
reduced  to  a  crop  index,  as  explained  on  page  22,  100  representing 
the  average  yield  for  all  the  farms  giving  records.  Labor  in- 
come increases  directly  as  the  average  index  of  yield  of  the  different 
groups  increases.  It  is,  of  course,  possible  to  secure  high  yields  of 
crops  at  too  great  expense,  but  there  is  no  indication  that  any  of  the 
farms  studied  here  made  any  error  on  this  point.  Practically  no  com- 
mercial "fertilizer  was  used.  The  common  method  of  utilizing  manure 
from  animals  would  generally  be  regarded  as  wasteful. 

Table  XVIII. — Relation  of  crop  yield  to  labor  income. 


Crop  Index. 

Number 

of 
records. 

Size  of 
farm. 

Labor 
Income. 

War  less 

35 
37 
47 
30 
29 

Acres. 
303 
297 
273 
362 
341 

1217 

ntoioo  .          

519 

101  to  110 

701 

lUtol20 

1,080 

Over  120.                 

1,103 

About  65  records  were  taken  on  methods  of  keeping  up  fertility. 
These  showed  that  the  average  farmer  hauled  to  the  fields  about  14 
per  cent  of  the  manure  produced  on  his  farm.  In  this  section,  how- 
ever, feed  for  live  stock  is  generally  hauled  to  the  pastures  and  scat- 
tered about  on  places  needing  manure.  In  this  way  a  great  deal  of 
manure  is  returned  to  the  soil.  It  is  estimated  that  about  50  per 
cent  of  the  manure  produced  on  these  farms  is  utilized  in  keeping  up 
soil  fertility.    The  rest  is  wasted 
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RELATION  OF  DIVERSITY  TO  PROFITABLE  FARMING. 

The  principal  advantages  which  diversity  may  secure  are:  (1)  The 
adaptation  of  enterprises  to  the  physical  conditions  of  the  farm  as  in 
cases  where  parts  of  the  area  are  hilly  or  stony  or  where  there  are 
differences  in  soil;  (2)  the  maintenance  of  soil  fertility,  as  effected 
by  having  a  legume  in  the  rotation,  or  a  blue-grass  sod;  (3)  the 
profitable  distribution  of  labor  (other  things  equal,  the  system  that 
utilizes  available  labor  best  has  the  advantage) ;  (4)  adaptation  to 
market  conditions*  Market  prices  fluctuate  often  to  the  extent  of 
causing  serious  loss  where  attention  is  centered  on  any  one  enterprise. 
Diversity  steadies  the  income  of  the  farm  and  makes  it  more  de- 
pendable. 

Table  XIX. — Relation  of  type  of  farm  to  diversity. 


Type  of  fonn. 

Number 

of 
records. 

Percent 

receipts 

from 

crops. 

Percent 
receipts 

from 
Uvestock. 

Percent 
receipts 

from 
tobacco. 

niversfty 
index."' 

Tobaooo 

31 
61 
36 
31 

18 
10 

SO 

65 

68 

37 

18.3 

12 

19 
44 

31 
59 

81 
87 

65 
43 
27 
21 

2.3 

Tobftcco  stock 

3.4 

General  mixed 

4.6 

Stock  with  tobacco 

4.1 

2.8 

Dairy 

7 

2.0 

Diversity  is  closely  related  to  the  size  of  farm.  In  the  bluegrass 
region  it  would  not  be  profitable  even  on  the  larger  and  cheaper 
farms  to  have  all  of  the  farm  area  in  bluegrass,  neither  would  it  be 
profitable  on  small,  high-priced  farms  to  cultivate  the  entire  area  in 
tobacco.  Through  long  experience  the  farmers  have  arrived  at  a 
distribution  which,  on  the  whole,  has  proved  profitable  imder  the 
conditions  prevailing.     (See  Table  VII.) 

The  degree  of  diversity  varies  on  different  types  of  farms,  as  diown 
in  Table  XIX.  Here  it  will  be  observed  that  the  tobacco  type  and 
the  stock  type  have  the  lowest  diversity,  while  the  intermediate  types 
have  the  highest  diversity.  The  tobacco  and  the  stock  type  each 
emphasizes  a  single  enterprise.  The  typical  tobacco  faiin  is  rela- 
tively small  in  size,  and  in  order  to.have  a  business  of  adequate  mag- 
nitude the  percentage  of  crop  area  in  tobacco  must  be  relatively  large 
and  the  pasture  area  relatively  small.  A  small  area  of  pasture  tends 
to  decrease  the  receipts  from  stock.  On  the  other  hand,  the  dis- 
tinctly stock  farm  is  relatively  large  in  size,  has  a  poorer  quality  of 
soil,  and  is  cheaper  in  price  per  acre  than  farms  of  other  tyjies. 
Usually  the  topography  is  quite  rolling  and  sometimes  it  is  stony,  a 
condition  which  is  a  handicap  in  tillage.  In  such  cases  it  is  more 
advantageous  to  leave  a  large  proportion  of  the  area  in  pasture  and 
to  till  only  the  more  level  and  more  productive  land. 
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Table  XX  shows  the  diversity  that  corresponds  to  highest  effi- 
ciency on  each  type  of  farm.  It  is  evident  from  this  table  that  there 
could  be  no  general  increase  in  efficiency  through  increase  in  diversity, 
since  the  diversity  which  gives  highest  efficiency  is  about  equal  to  the 
average  for  each  type.  There  is  as  much  liability  to  lose  through 
overdiversity  as  through  underdiversity.  The  average  farm  of 
each  type  has  no  doubt  about  the  diversity  it  should  have. 

Table  XX. — ShouHng  the  diversity  index  that  corresponds  to  maximum  effl- 
ciency  on  various  types  of  farm^. 


Type. 

• 

Number 

of 
records. 

SIseof 
fann. 

Diversity 
index  corre- 
sponding to 

effidency. 

Averaf^e 
diversity 

Tohacoo 

Tobaooo  stock 

31 
61 
36 
31 
18 

Aeru. 
174 
344 
256 
316 
683 

2.4 
4.6 
8.8 
8.6 
2.0 

2.3 
3.4 

General  mixed .* 

4.6 

Stock  with  tobacco 

4.1 

Stock  with  no  tobacco 

2.8 

COST  OF  PRODUCTION. 

In  Table  XXI  are  shown  the  average  unit  value  and  cost  of 
production  for  several  important  enterprises.  In  arriving  at  these 
figures  every  item  of  expense,  including  the  cost  of  operator's  labor 
and  management  and  of  rent  has  been  counted.  Values  have  been  de- 
termined by  current  market  prices. 

Table  XXT. — Unit  cost  and  value  for  several  important  enterprises  on  the 
different  types  of  farms  for  the  year  1913. 


Typeofferm. 

Num- 
ber of 

Com,  per 
bushel. 

Tobacco,  per 
pound. 

Wheat,  per 
bushel. 

^bM' 

Meadow  hay, 
per  ton. 

ProductivB 

live  stock, 

animal  unit 

basis. 

Cost. 

Vahie. 

Coet 

Vahie. 

Cost. 

Vahie. 

COBt. 

Vahie. 

Cost 

Vahie. 

Cost 

Valne 

Tobacco 

Tobacco  stock.. 

Stock  with  to- 
bacco...  

Stock  with  no 
tobacco 

31 
61 
36 

31 

18 
10 

ia78 

.73 

.65 

.64 
.81 

ia76 
.76 
.76 

.76 

.76 
.76 

laiis 

.123 
.130 

.120 

iail8 
.119 
.116 

.117 

ia73 

.88 
.75 

.84 

.98 
.6.S 

ia98 
.98 

.98 

.98 

.98 
.98 

$1.33 
1.0* 
LOl 

1.01 

1.22 

ia84 

.84 
.84 

.84 

.84 
.84 

$16.67 
16.00 
16.27 

18.94 

22.50 

18.16 

$16.06 
16.06 
16.06 

16.06 

16.06 
16.06 

$48.51 
39.75 
47.92 

44.86 

41.96 
66.24 

$42.40 
47.66 
47.73 

54.93 

53.49 

Dairy 

.i27|     ,m 

100.88 

Av.ofan.. 

187 

.68 

.76 

.127 

.118 

.80 

.98 

1.05 

.84 

17.75 

16.06 

44.41 

52.55 

The  enterprises  are  usually  so  dependent  on  each  other,  and  their 
place  in  the  farm  organization  so  related  to  the  utilization  of  labor 
and  to  other  factors,  that  the  distribution  of  costs  is  a  difficult  mat- 
ter. In  fact,  no  system  has  as  yet  been  devised  which  can  be  said 
to  make  this  distribution  in  any  but  an  approximately  correct  man- 
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ner.^  The  reader  must  keep  in  mind  the  fact  that  the  figures  given 
in  the  table  apply  only  to  the  average  farm  of  each  type,  and  that 
while  some  farmers  are  selling  the  crop  at  below  the  cost  of  produc- 
tion, others  get  much  more  than  the  cost.  Farming  may  be  said  to  be 
profitable  when  the  operating  costs,  rightly  interpreted,  about  equal 
the  returns,  since  the  costs  include  pay  for  the  farmer's  labor  and 
services  as  manager,  allowance  for  family  labor,*  current  rate  of 
interest  on  working  capital,  and  rent  for  his  land,  if  he  is  an  owner. 
Then,  too,  he  is  insured  employment  for  himself  and  family,  and  a 
fair  rate  of  interest  on  a  secure  investment.  Also,  if  the  farm  is 
rightly  organized  and  its  fertility  well  maintained,  it  will  tend 
to  increase  in  value.  A  comparison  of  the  cost  and  value  per 
pound  of  tobacco  on  the  average  of  187  farms  illustrates  these 
facts.  Included  in  the  cost  of  one  acre  of  this  crop  are  $92.69  for 
labor  and  management,  $11.36  for  horse  labor,  $1.05  for  fertilizer, 
$2.38  for  miscellaneous  costs,  and  $34.73  for  rent.  This  value  for  rent 
is  the  average  estimated  cash  amount  which  the  landlord  should  get 
for  the  use  of  the  land  for  tobacco.  The  average  cost  per  pound,  on 
this  basis,  is  sliown  to  be  slightly  above  the  average  price  received. 
The  crop,  nevertheless,  may  be  regarded  as  a  profitable  one  for  the 
reason  that  it  employs  labor  almost  continuously  throughout  the  year 
and  it  may  be  depended  on  for  a  reliable  income.  It  gives  the  owner 
a  high  rent  for  his  land  rather  than  the  relatively  low  rent  which  he 
would  have  to  accept  for  its  use  for  other  crops. 

The  values  of  all  crop  enterprises,  except  wheat  and  tobacco,  are 
based  on  prices  of  imported  products.  Oats,  com,  hay,  and  rye  are 
consumed  by  stock,  and  during  parts  of  the  year  these  products  are 
shipped  in  to  supply  deficiency.  The  cost  of  hay.  and  of  all  other 
products  includes  the  hauling  to  market. 

Live  stock  does  not  seem  to  be  profitable  on  the  tobacco  or  the 
mixed  type  of  farms.  These  types  emphasize  crops,  especially  to- 
bacco, and  evidently  neglect  live  stock. 

In  general  it  is  the  aim  of  farmers  in  this  region  to  raise  just 
enough  hay  to  supply  the  needs  for  live  stock.    It  is  not  a  profitable 

1  The  costs  as  shown  In  Table  XXI  were  distributed  to  each  enterprise  In  the  foUowing 
manner : 

Labor  costs  were  distributed  in  proportion  to  the  number  of  labor  units  required  by 
each  enterprise  (see  Table  IV).     "Cash  to  run  farm"  was  distributed  in  the  same  way. 

Power  costs  were  distributed  in  proportion  to  the  power  units  required  by  each  enter- 
prise (see  Table  IV).    Machinery  costs  were  distributed  in  the  same  way. 

Rent  charges  Included  Interest  on  fixed  capital,  such  as  buildings,  fences,  etc  The 
renting  value  of  land  on  the  average  farm  was  about  $5  per  acre.  Land  used  for 
general  crops,  such  as  corn,  wheat,  rye,  pasture,  including  bluegrass  pasture,  was 
shown  to  have  a  uniform  renting  value  on  each  farm,  ranging  from  $2.25  to  $6  per  acre. 
The  average  rent  for  pasture  land  was  $3.50  per  acre ;  for  general  crop  land,  about  $3.60.  . 
Renting  value  given  for  tobacco  land  ranged  between  $25  and  $75  per  acre,  the  average 
being  about  $35. 

Live  stock  was  charged  for  feed.  Including  pasture,  at  farm  prices.  Six  dollars  And 
fifty  cents  was  credited  to  each  animal  unit  for  manure  and  the  same  amount  charged 
to  field  crops  In  proportion  to  acreage.  Six  per  cent  interest  was  charged  on  investment 
in  live  stock  and  an  allowance  made  for  depreciation. 
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crop  to  market.    On  the  basis  of  present  yields  it  would  probably  not 
pay  to  market  com. 

The  growing  popularity  of  the  practice  of  "  hogging-down  "  wheat 
illustrates  how  the  farmer  aims  at  the  organization  of  enterprises 
in  such  a  way  as  to  obtain  maximum  profit.  If  hogs  can  be  turned 
into  the  wheat  field  there  is  saved  the  harvesting,  thrashing,  and 
hauling  of  wheat  to  market.  The  labor  saved  may  be  utilized  in 
other  ways.  Then,  if  the  gains  on  hogs  are  adequate,  it  is  often  pos- 
sible to  get  more  out  of  the  wheat  crop  than  by  harvesting  and 
thrashing  it,  as  is  usually  done.  Winter  cover  crops,  such  as  wheat 
and  rye,  may  be  judiciously  pastured  in  fall,  winter,  or  spring,  and 
may  thus  add  to  the  profits  of  the  farm.  Bluegrass  pastures  are 
often  stripped  for  the  seed,  and  in  this  way  pf ofits  from  pasture  land 


Fig.  13. — Bluegrass  seed  in  process  of  curing. 

are  increase^.  (See  fig.  13.)  It  was  noticeable  that  the  most  suc- 
cessful group  of  farms  had  a  relatively  large  percentage  of  such 
forage  crops  as  sorghums,  peas,  and  beans,  which  were  substituted, 
for  a  part  of  the  area  devoted  to  hay,  which  is  shown  to  be  an  un- 
profitable crop. 

On  the  whole,  the  average  farmer  of  the  region  seems  to  be  rais- 
ing the  various  crops  in  about  the  right  proportion  for  a  profitable 
business. 

THE  PRIME  FACTORS  IN  PROFITABLE  FARMING. 

The  factors  that  stand  out  as  important  in  profitable  farming  in 
the  localities  surv^eyed  are  (1)  size  of  business,  (2)  utilization  of 
pasture  area,  (3)  crop  yields,  (4)  type  of  farm. 
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Underlying  and  closely  related  to  size  of  business  and  type  of  farm 
are  the  factors  of  diversity,  utilization  of  man  and  horse  labor,  dis- 
tribution of  crops  and  live  stock  from  the  standpoint  of  the  advan- 
tageous utilization  of  field  crops  and  pasture  area,  and  the  distribu- 
tion of  capital. 

The  farmer  may  increase  the  size  of  business  either  by  buying  or 
renting  more  land  or  by  increasing  the  acreage  of  tobacco,  an  in- 
tensive crop.  There  are  many  farms  300  to  500  acres  in  size  which 
do  not  show  as  large  a  business  as  many  other  farms  100  to  200  acres 
in  size  which  have  a  relatively  large  percentage  of  area  in  tobacco 
and  a  relatively  small  percentage  of  area  in  bluegrass.  The  tobacco 
crop  furnishes  work  for  a  large  number  of  laborers  and  the  returns 
per  acre  are  correspondingly  large. 

The  type  of  farm  that  does  not  seem  to  pay  here  is  the  general 
mixed  type.  Only  34  per  cent  of  the  farms  of  this  type  could  be 
counted  as  distinctly  successful,  while  the  stock- with- tobacco  type 
had  about  58  per  cent  successful.  The  dairy  type,  of  which  there 
were  only  10,  showed  70  per  cent  successful,  with  a  higher  average 
labor  income  and  higher  efficiency  than  any  other  type.  Of  the 
other  three  types,  about  50  per  cent  of  the  farms  were  successful. 

The  general  mixed  type  is  evidently  organized  on  the  wrong  basis 
to  be  profitable.  It  has  about  the  same  proportion  of  its  receipts 
from  tobacco  as  the  stock- with-tobacco  type,  but  the  percentage  area 
in  tobacco  is  very  much  smaller,  only  about  4.4  per  cent,  while  the 
stock-with-tobacco  type  has  an  average  of  about  8  per  cent  of  its  area 
in  tobacco.  With  the  exception  of  tobacco,  there  seems  to  have  been 
a  failure  to  dispose  of  the  crops  raised,  either  by  marketing  them 
profitably  or  by  utilizing  them  to  advantage  through  live  stock. 
Many  with  large  farms  and  large  capital  seem  to  have  been  satisfied 
with  bare  interest  on  their  investment,  which  was  adequate  for  a 
comfortable  living.  These  men  made  no  effort  to  make  the  farm  a 
business  success.  The  tobacco  area  and  much  of  the  area  of  other 
crops  on  such  farms  was  in  most  case«  cultivated  by  cropper  labor, 
which  relieves  the  owner  of  much  responsibility. 

Profitable  farming  here  hinges  primarily  upon  keeping  a  proper 
balance  between  field  crops  and  bluegrass,  which  is  especially  adapted 
to  the  soil  and  is  a  great  factor  in  keeping  up  its  fertility  and  put- 
ting it  into  a  favorable  condition  for  other  crops,  especially  tobacco* 

The  soil  of  the  bluegrass  region  is  a  heavy  clay  loam  with  a  sticky- 
clay  subsoil.  It  should  not  be  worked  when  in  a  wet  condition,  and 
during  the  naturally  dry  summers  and  fall  it  is  difficult  to  plow.  To 
emphasize  field-crop  farming  it  would  be  necessary  to  plant  and 
work  the  soil  more  or  less  during  the  whole  of  the  growing  season. 
In  the  areas  of  the  black  loamy  soils  of  the  Middle  West  this  usually 
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can  be  done  with  little  diflSculty,  but  in  this  region  the  nature  of  the 
soil  would  be  a  serious  handicap  in  such  a  practice  and  would  put 
the  district  at  an  economic  disadvantage  if  it  were  not  that  it  is  so 
well  adapted  to  a  crop  like  bluegrass  (which  loosens  up  a  heavy  clay 
soil)  and  to  an  intensive  crop  like  tobacco,  which  yields  a  compara- 
tively large  income  per  acre. 

The  hilly^  less  productive,  and  cheaper  lands  can  be  organized 
more  profitably  as  distinctly  stock  farms,  with  little  or  no  tobacco. 
As  a  rule,  however,  the  farmer  must  raise  some  tobacco  to  meet  the 
requirements  of  labor. 

The  farmer  who  can  command  but  a  small  area  of  land  should,  in 
order  to  make  his  farm  most  profitable,  specialize  in  tobacco  or, 
where  market  conditions  permit,  in  dairying.  On  farms  of  from 
260  to  360  acres  in  size  the  best  results  can  be  obtained  by  organizing 
on  the  basis  of  the  stock- with-tobacco  type,  which  emphasizes  live 
stock  but  cultivates  an  area  in  tobacco  large  enough  to  utilize  labor 
resources  to  advantage  and  to  secure  the  advantage  of  diversity. 
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INTRODUCTION. 

The  purpose  of  this  bulletin  is  to  present  in  a  concise  form  sta- 
tistics of  fruit  and  fruit  products,  including  production  and  trade  for 
the  principal  producing,  exporting,  and  consuming  countries.  The 
figures  used  have  been  taken  from  official  sources,  usually  from  pub- 
Ucations  of  the  countries  treated.  Data  concerning  coromerce  in 
fruits  are  as  a  rule  fairly  complete,  but  those  relating  to  production 
if  not  entirely  lacking  are  in  many  instances  either  fragmentary  or 
limited  to  census  years. 

None—This  bulletin  contains  a  brief  survey  of  the  fruit  industry  in  principal  countries.    While  in- 
tended for  general  distribution  to  the  public  it  is  of  especial  interest  to  fruit  growers  and  dealers. 
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NORTH  AMERICA. 
UNITED  STATES. 

PRODUCTION  OF  FRUITS. 

The  total  value  of  aU  fruits  producefl  in  the  United  States  in  1909, 
according  to  the  Thirteenth  Census,  was  $218,000,000,  which  was 
equivalent  to  about  one-third  the  value  of  the  wheat  crop  of  that 
year.  Deciduous  tree  fruits  furnished  65  per  cent  of  the  total  fruit 
value,  small  fruits  14  per  cent,  citrus  fruits  10  per  cent,  grapes  10  per 
cent,  and  tropical  and  subtropical,  other  than  citrus,  1  per  cent. 

Fifty-nine  per  cent  of  the  value  of  deciduous  tree  fruits  was  derived 
from  apples,  60  per  cent  of  the  small  fruits  from  strawberries,  77  per 
cent  of  the  citrus  fruits  from  oranges,  and  97  per  cent  of  the  tropical 
and  subtropical  fruits,  other  than  citrus  fruits,  from  figs,  pineapples, 
and  olives. 

The  production  of  deciduous  tree  fruits,  small  fruits,  and  grapes  was 
widely  distributed.  In  the  case  of  citrus  fruits  and  other  tropical 
and  subtropical  fruits,  however,  the  production  was  confined  chiefly 
to  California  and  Florida. 


Table  1.— Fruit  (Tops  of  the  United  States,  1909. 
(Thirteenth  Census.) 


Crop. 


Trees  of 

bearing  age, 

1910. 


Deciduous  tree  fruits:  J 

Apples 15 

Peaches  and  nectarines 9 


Pears. . 

Plums  and  prunes. 

Cherries 

Apricots 

Quinces 

Another 


Total  deciduous  tree  fruits. 

Tropical  and  subtropical  fruits: 
Citrus- 
Oranges 

Lemons 

Pomeloes  (grape  fruit) 

Limes 

Tangerines 

Mandarins 

Kumquals 

Citrons 


Total  citrus. 


Noncitrua  fruits- 
Figs 

Pineapples 

Olives 

Bananas 

Guavas 

Avocados  (aguacates).. . . 

Maneoes 

Persimmons  (Japanese) . 

Loquat-s 

Pomegranates , 

Dates 


Total  noncitnis.. 


Grapes «223,701,522 


301,117,277 


9,737,927 

956,920 

710,040 

45,387 

27,271 

7,227 

1,988 

8 


11,486,768 


821,640 
1,191,389 
846,175 
23,114 
15,347 
12,064 
4,904 
16,491 
3,791 
8,933 
4,551 


Production, 
1909. 


BwkeU. 

146,122,318 

36,470,276 

8,840,733 

15,480,170 

4,126,099 

4,150,263 

428,672 

65,164 


214,683,695 


Boxet. 

19,487,481 

2,770,313 

1,189,250 

11,318 

38,752 

3,896 

1,112 


23,502,128 


Pounds. 

35.060,395 

< 778,661 

16,405,483 

« 10,060 

354,062 

> 4,920 

«5,278 

» 6,733 

« 4,541 

152,825 

9,947 


2,571,065,205 


Value,  1908» 


DoUan. 

83,231,492 

28,781,078 

7,910,600 

10,299,495 

7,231,160 

2,884,119 

517,243 

12,160 


140,867,347 


17,566,464 

2,993.738 

3,060,610 

12,478 

68,770 

6,553 

2,826 

9 


22,ni,44« 


803,810 
734,000 
404,574 
5,661 
11,628 
10,100 
5,730 
9,087 
5,880 
4,203 


1,995,305 


32,027,961 


>  Number  of  plants. 
•  Bushels. 


*  Crates.  *  Bunches.  <  Boxes. 

•  Vinos  of  bearing  age.  '  Pounds. 
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STATISTICS  OF  FRUITS  IN  PBINCIPAL  COUNTEIES. 
Table  l.— Fruit  crops  of  the  United  States,  iP09— Continued. 


Crop. 


Trees  of 

bearing  age, 

1910. 


Pioductloo, 
1909. 


Value,  1900. 


Small  fruits: 

StTawberries 

Blackberries  and  dewberries. . 
Raspberries  and  loganberries. 

Cranberries 

Currants 

Qooseberries 

Other  berries 


Acreage. 

143,045 

49,004 

48,608 

18,431 

7,862 

4,765 


& 

3 
II 


$17,913,926 

3,909,831 

6,132,277 

1,755,613 

790,431 

417,034 

55,360 


Total  small  fruits. . 
Total  aU  fruits..... 


272,460 


426,565,863 


29,974,481 


217,576,542 


The  principal  fruits  of  the  various  classes  were  the  following,  the 
figures  for  1909  being  taken  from  the  Thirteenth  Census  of  the 
United  States: 

Deciduous  Tree  Fbuits. 

Apples. — ^From  the  viewpoint  of  quantity  produced,  value  of 
product,  and  wide  distribution  of  cultivation,  the  apple  is  the  most 
important  fruit  grown  in  the  United  States.  The  number  of  farms 
reporting  apple  trees  of  bearing  age  in  1910  was  2,980,000,  practi- 
cally one-half  of  all  the  farms  in  the  United  States  at  that  time. 
The  total  production  of  apples  in  1909  was  146,000,000  bushels, 
equivalent  in  round  numbers  to  49,000,000  barrels  of  3  bushels  each. 
The  leading  States  were  New  York  with  8,470,000  barrels,  Michigan 
4,111,000  barrels,  Pennsylvania  3,349,000  barrels,  and  Missouri 
3,323,000  barrels.  In  1915  and  1916  the  apple  crop  of  the  United 
States,  according  to  reports  of  the  Bureau  of  Crop  Elstimates,  amounted 
to  77,000,000  and  68,000,000  barrels,  respectively.  It  should  be 
borne  in  mind  that  the  foregoing  figures  refer  to  agricultural  produc- 
tion and  not  to  a  so-called  commercial  crop. 

From  recent  investigations  made  by  the  Bureau  of  Crop  Estimates 
it  is  estimated  that  about  18  per  cent  of  the  1915  apple  crop  consisted 
of  ''summer''  apples,  25  per  cent  ''fall,''  and  57  per  cent  "winter" 
apples.  The  three  leading  varieties  were  the  Ben  Davis,  which  com- 
prised 14.5  per  cent  of  the  total  crop;  the  Baldwin,  10.9  per  cent; 
and  the  Winesap,  7.3  per  cent.  It  is  estimated  that  in  the  disposal 
of  the  crop  nearly  56  per  cent  was  sold  from  farm  or  orchard  (ex- 
cluding that  used  for  cider),  10  per  cent  was  used  to  make  cider,  19 
per  cent  was  consumed  on  farms  for  human  purposes  other  than  as 
cider,  and  the  remaining  15  per  cent  was  wasted  or  eaten  by  live 
stock. 

Peaches  and  nectarines. — ^The  production  in  1909  was  35,500,000 
bushels.  Califomia  ranked  first  in  the  production  of  these  fruita 
with  9,250,000  bushels  and  Georgia  second  with  2,500,000  bushels. 
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No  other  State  had  a  production  so  large  as  2,000,000  bushels.  For 
the  years  1915  and  1916  the  Bureau  of  Crop  Estimates  reports  the 
total  production  of  peaches  as  63,000,000  bushels  and  37,000,000 
bushels,  respectively. 

Plums  and  prunes. — ^The  production  of  plums  and  prunes  in  1909 
was  15,500,000  bushels.  Calif omia  was  the  leading  State  with 
9,318,000  bushels,  Oregon  second  with  1,748,000  bushels,  and  Wash- 
ington tlurd  with  1,032,000  bushels. 

Pears. — ^The  production  of  pears  in  1909  amoimted  to  8,841,000 
bushels.  The  chief  producing  States  were  California  with  1,928,000 
bushels  and  New  York  with  1,343,000  bushels.  In  1915  the  pear 
crop  of  the-United  States,  according  to  reports  of  the  Bxireau  of  Crop 
Estimates,  was  11,216,000  bushels,  and  in  1916,  10,377,000  bushels. 

Cherries. — ^The  production  of  cherries  in  1909  was  4,126,000  bush- 
els. California  ranked  first  with  501,000  bushels  and  Pennsylvania 
second  with  475,000  bushels. 

Tropical  and  Subtropical  Fruits. 

Citrus. — ^The  principal  citrus  fruits  grown  in  the  United  States  are 
oranges,  lemons,  and  grapefruit.  The  cultivation  of  these  fruits  is 
virtually  confined  to  California  and  Florida.  In  1909  there  were 
produced  in  the  United  States  19,487,000  boxes  of  oranges,  2,770,000 
boxes  of  lemons,  and  1,189,000  boxes  of  grapefruit.  Practically  all 
of  the  lemons  and  74  per  cent  of  the  oranges  were  grown  in  California, 
whUe  virtually  all  of  the  grapefruit  and  25  per  cent  of  the  oranges 
were  grown  in  Florida. 

During  the  season  1913-14  there  were  shipped  out  of  California, 
according  to  figures  of  the  California  State  Board  of  Agriculture  45,306 
carloads  of  oranges  and  3,032  carloads  of  lemons,  as  against  39,744 
carloads  of  oranges  and  7,068  carloads  of  lemons  in  1914-15.  A 
California  carload  is  estimated  to  average  about  396  boxes  of  oranges 
or  336  boxes  of  lemons. 

The  production  of  oranges  and  grapefruit  in  Florida  during  the 
season  1913-14,  as  reported  by  the  Commissioner  of  Agricultiu^  of 
that  State,  amounted  to  6,666,000  boxes  and  2,211,000  boxes, 
respectively. 

Noncitrus. — ^The  principal  noncitrus  fruits  grown  were  figs,  pine- 
apples, and  oHves.  In  1909  there  were  produced  in  the  United  States 
35,060,000  pounds  of  figs,  779,000  xjrates  of  pineapples,  and  16,405,000 
poimds  of  oHves.  Two-thirds  of  the  figs  and  practically  all  of  the 
ohves  were  grown  in  California,  while  Florida  reported  virtually  alL 
of  the  pineapples. 

With  regard  to  the  disposal  of  the  oUve  crop  of  1915,  the  California 
OUve  Association  estimates  the  production  of  oUve  oil  in  California 
at  1,000,000  gallons  and  of  packed  ohves  at  300,000  cases  of  6 
gallons  to  the  case. 
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Grapes. — ^The  production  of  grapes  in  1909  was  2,571,000,000 
pounds,  valued  at  $22,628,000.  While  California  produced  77  per 
cent  of  the  total  crop,  the  value  of  the  grapes  of  that  State  amounted 
to  only  49.2  per  cent  of  the  total  value.  New  York  was  second  in 
production  with  253,000,000  pounds  and  Michigan  third  with 
121,000,000  poimds. 

According  to  a  report  of  the  California  State  Board  of  Viticultural 
Commissioners,  dated  March  15,  1914,  the  area  planted  to  grapes  in 
California  amoimts  to  330,000  acres.  Of  this  area,  it  is  estimated 
that  about  170,000  acres  are  planted  to  wine  grapes,  1 10,000  acres  to 
raisin  grapes,  and  50,000  acres  to  table  grapes.  The  total  produc- 
tion of  fresh  grapes  in  1914  from  the  330,000  acres  is  reported  as 
1,848,380,000  poimds,  or  924,190  tons.*  In  the  disposal  of  the 
California  vintage  of  1914  it  is  estimated  that  about  475,190  tons  of 
fresh  grapes,  valued  at  $5,250,000,  were  deUvered  to  wineries,  324,000 
tons  were  dried  into  raisins,  and  125,000  tons  were  sold  as  table  grapes. 

SifALL  Fruits. 

Strawberries, — ^The  total  production  of  strawberries  in  the  United 
States  in  1909  was  256,000,000  quarts.  Maryland  ranked  first  with 
24,000,000  quarts  and  New  Jersey  second  with  19,000,000  quarts. 
With  regard  to  acreage,  the  leading  States  were  Maryland,  Tennessee, 
Missouri,  New  Jersey,  and  Michigan.  In  value  of  strawberries  pro- 
duced. New  York  was  the  leading  State,  followed  by  CaUfomia,  Mis- 
souri, Maryland,  and  Michigan. 

Raspberries  and  loganberries. — ^The  total  production  of  these  fruits 
in  the  United  States  in  1909  amoimted  to  60,918,000  quarts.  New 
York  ranked  first  with  14,752,000  quarts  and  Michigan  second  with 
8,382,000  quarts. 

Nearly  four-fifths  of  the  total  value  of  aU  fruit  grown  in  the  United 
States  in  1909  was  contributed  by  five  items,  namely,  apples  38.3  per 
cent,  peaches  and  nectarines  13.2  per  cent,  grapes  10.1  per  cent, 
strawberries  8.2  per  cent,  and  oranges  8.1  per  cent. 

Fruit  Products. 

FARM   OUTPUT. 

In  1909  there  were  produced  on  farms  in  the  United  States 
358,040,000  poimds  of  dried  fruits  (including  raisins  and  dried  grapes), 
32,584,000  gallons  of  cider,  7,247,000  gallons  of  vinegar,  and 
18,636,000  gallons  of  wine  and  grape  juice. 

California  produced  93.2  per  cent  of  the  dried  fruits  and  86  per 
cent  of  the  wine  and  grape  juice. 

Pennsylvania  ranked  first  in  the  production  of  cider  and  vinegar, 
New  York  second,  and  Michigan  third. 

1  Throughout  this  bulletin,  1  Um  equals  2,000  pounds. 
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PACTOBY  OUTPUT. 

The  factory  output  of  fruit  products  in  the  United  States  in  1909 
amounted  to  5,529,000  cases  of  canned  fruits,  valued  at  $13,015,000; 
401,336,000  pounds  of  dried  fruits,  valued  at  $19,894,000;  vin^ar 
and  cider  to  the  value  of  $8,448,000;  and  vinous  liquors  to  the  value 
of  $13,121,000. 

Canned  fruits. — ^The  principal  fruits  canned  in  1909  in  establish- 
ments engaged  primarily  in  the  canning  industry  were  peaches, 
1,467,000  cases,  valued  at  $3,754,000;  apples,  1,206,000  cases,  valued 
at  $1,899,000;  pears,  638,000  cases,  valued  at  $1,833,000;  apricots, 
630,000  cases,  valued  at  $1,825,000;  berries,  816,000  cases,  valued 
at  $1,755,000;  and  cherries,  390,000  cases,  valued  at  $1,019,000. 

California  furnished  80  per  cent  of  the  total  value  of  canned  peaches, 
72  per  cent  of  the  canned  pears,  practically  all  of  the  canned  apricots, 
and  48  per  cent  of  the  canned  cherries.  New  York  led  in  the  produc- 
tion of  canned  apples  and  berries  and  was  second  in  the  production 
of  canned  cherries. 

Dried  fruits. — ^The  principal  dried  fruits  packed  in  1909  in  estab- 
lishments engaged  primarily  in  the  packing  industry  were  prunes, 
138,498,000  pounds,  valued  at  $5,130,000;  raisins,  111,775,000 
potmds,  valued  at  $4,838,000;  apples,  44,568,000  poimds,  valued  at 
$3,098,000;  peaches,  46,843,000  poimds,  valued  at  $2,423,000;  and 
apricots,  29,206,000  pounds,  valued  at  $2,277,000. 

California  reported  aU  of  the  raisins  and  dried  apricots,  practically 
all  of  the  dried  peaches,  and  86  per  cent  of  the  prunes.  New  York 
was  the  leading  State  in  the  production  of  dried  apples,  reporting  75 
per  cent  of  the  value  of  this  product,  and  California  ranked  second 
with  15.5  per  cent. 

Vinegar  and  cider. — Of  the  total  value  of  vinegar  and  cider  manu- 
factured in  cider-making  establishments.  New  York  contributed  26.6 
per  cent.    Michigan  ranked  second  in  importance. 

Virums  liquors. — This  industry  includes  the  manufacture  of  various 
kinds  of  wine  and  champagne.  It  is  confined  to  a  few  States.  Cali- 
fomia  furnished  68.1  per  cent  of  the  total  value  of  these  products 
manufactured  in  wineries  in  1909,  New  York  13.8  per  cent,  Ohio  9.9 
per  cent,  Missouri  2.6  per  cent,  and  New  Jersey  1.3  per  cent. 

FRUIT  TRADE  OF  THE  UNITED  STATES. 

Statistics  of  the  fruit  trade  of  the  United  States  for  the  fiscal  yeais 
ending  June  30,  1910  and  1915,  are  given  in  the  following  table^ 
The  fiscal  year  1910  corresponds  with  the  census  production  year  1909: 
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Tablb  2.— Fruit  trade  of  the  United  S  tales ,  with  foreign  countries  and  insular  possessions, 

1910  and  1915. 


(United  States  Department  of  Commeroe.) 


Year  ending  June  ao— 


1910 


Quantity. 


Value. 


1915 


Quantity. 


Value. 


Szports  (of  domestio  froits)  to  foreign  ooontriee: 

Apple6,dried pounds. 

Apples .  green  or  ripe .oarrels.. 

Apriooa,  dried pounds.. 

Berries. 


25,076,618 

022,078 

12,028,834 


„    --  boxes.. 

faes,  dried pounds.. 

Pears,  green  or  ripe 

Prunes pounds. 

Raisins  and  other  dried  grapes do 

All  other,  greeoL  ripe,  or  dried 

Fnilts,prcqbarea  or  preserved: 


032,118 
2,617,060 


89,014,880 
8,526,114 


All  other., 
Total 


DoOoft, 
2,056,092 
3,175,433 
1,218,423 

2,213,905 
151,520 
302,958 

4,016,554 
417,403 

2,119,210 

2,656,019 
176,474 


42,580,160 

2,351,501 

23,764,342 


1,750,405 
14,464,655 


43,478,892 
24,845,414 


DoOart. 

3,270,658 

8,067,460 

2,241,061 

535,479 

372,781 

8,851,013 

834,813 

992,497 

3,274,197 

1,718,547 

2,717,449 

6,064,765 
260,180 


18,504,501 


34,229,906 


IhqMrts  fknm  foreign  countries: 

Bananas bunches, 

Currants,  dried pounds.. 

Dates do... 

Figs do... 

Grapes cubic  feet. 

Lemons pounds. 

Olives gallons, 

Oranges pounds.. 

Pineapples 

Raisins  and  other  dried  grapes pounds. 

Preserved  fruits 

AU  other 


5,042,683 


41,091,585 
30,350,527 
24,949,374 
20,779,730 
1,323,928 


3,622,275 


2,808,806 


13,512,960 

1,209,273 

420,208 

1,024,495 

1,523,547 

3,730,075 

1,607,903 

50,022 

1,309,750 

238,958 

1,022,968 

1,431,242 


Total. 


24,177,160 


27,061,396 


flhipments  trom  the  United  States  to  Hawaii: 

Apples,  green  or  ripe barrels.. 

Oranges boxes.. 

All  other,  green,  ripe,  or  dried 

Prepared  or  preserved— 

Canned 

Another 


23,487 
32,363 


50,459 
70,286 
57,560 

42,013 
8,4»1 


19,688 
52,428 


64,865 
104,957 
105,953 

88,133 


Total. 


228,802 


t,908 


Sh^nents  from  the  United  States  to  Porto  Rico: 

Kaisins  and  other  dried  grapes pounds.. 

All  other,  green,  ripe,  or  "     " 
Prepared  or  preserved. 


348,268 


22,441 
30,891 
70,966 


223,103 


15,703 
47,819 
46, 137 


Total. 


124,298 


109,650 


its  to  the  United  States  from  Hawaii: 


Pineapples,  fresh 

Pineapples,  cazmed . 
Ail  other 


.bundles. 


1,548,960 
224,375 


230,144 


147,021 

52,028 

5,986,190 

2,637 


Total. 


1,773,326  1. 


6,188,776 


Shipments  to  the  United  States  ihxn  Porto  Rico: 
Fmlts,  greta.  ripe,  or  dried— 

Orapefhut. boxes. 

Oranges do... 

Pineapples,  fresh 

Pineapples,  canned 

Allother 


296,018 


582,616 

106,617  K 
727,163  |. 


276,550 
200,268 


834,356 

378,092 

1,723,604 

84,733 

9,621 


Total. 


1,416,396   j    3,080,496 


I  Inoiiided  In  "aU  oCher  green,  ripe,  or  dried  "  in  1910. 


s  Included  in  "all  other"  in  lOia 
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CANADA. 


AREA  AND  PRODUCTION  OF  FRUTia 


Orchards  in  Canada  had  an  area  in  1911  of  403,596  acres  as  com- 
pared with  356,106  acres  in  1901,  vineyards  9,836  acres  in  1911  as 
against  5,600  acres  in  1901,  and  small  fruits  17,495  acres  in  1911  as 
compared  with  13,411  acres  in  1891.  Acreage  of  small  fruits  in  1901 
was  included  with  vegetables. 

The  principal  orchard  fruits  grown  in  Canada  are  apples,  peaches, 
plums,  pears,  and  cherries,  while  grapes,  strawberries,  currants,  and 
gooseberries  are  the  leading  small  fruits. 

Table  Z,— Fruit  crops  of  Canada^  1900  and  1910. 
ICensus  of  the  Dominion  of  Canada.] 


Kind. 


Bearing  trees. 


1911 


1901 


Production. 


1910 


1900 


Orchard  fruits: 

Apple 

Peach 

Pear 

Plum 

Cherry 

Other 


Number, 

10,617,372 

839,288 

681,704 

1,076,130 
741,992 
146,669 


Number. 

11,025,789 

819,986 

617,293 

1,462,269 
903,140 
141,870 


Butheis. 

10,618,666 
646,826 
604,171 
608,994 
238,974 
47,789 


Busheli. 

18,626,18ft 
546,415 
681,837 
657,875 
S36,751 
70,396 


Total. 


14,002,146 


14,960,346 


12,666,420 


20,668,460 


Small  fruits: 

Grapes pounds . 

Strawberries boxes. 

Currants  and  gooseberries quarts. 

All  other boxes. 


32,896,438 
18,686,662 
8,830,609 
9,000,208 


24,302,634 
2i,'7d7,'79i 


Ontario  was  the  leading  Province  in  the  production  of  fruits, 
reporting  in  1910,  6,459,000  bushels  of  apples,  600,000  bushels  of 
peaches,  424,000  bushels  of  pears,  347,000  bushels  of  plmns,  and 
146,000  bushels  of  cherries. 

IMPORTS. 

Bananas,  oranges,  grapefruit,  raisins,  and  wine  are  the  chief  items 
imported.  During  the  five  fiscal  years  ended  March  31,  1909-1913, 
there  was  imported  for  consiunption  an  annual  average  of  1,850,000 
bimches  of  bananas,  valued  at  $1,826,000;  21,363,000  poimds  of 
raisins,  valued  at  $1,133,000;  oranges  and  grapefruit  to  the  value  of 
$2,656,000;  and  wme  to  the  value  of  $1,229,000.  Nearly  all  of  the 
bananas,  over  one-half  of  the  raisins,  and  nine-tenths  of  the  oranges 
and  grapefruit  were  obtained  from  the  United  States,  while  France, 
Spain,  Portugal,  and  Japan  suppUed  most  of  the  wines. 

Other  fruits  and  fruit  products  of  importance  imported  during  the 
five  years  named,  together  with  their  average  annual  value,  were 
dried  apples,  $14,000;  green  apples,  $499,000;  apricots,  nectarines, 
pears,  and  quinces,  $245,000;  berries,  $328,000;  canned  fruits,  $372,- 
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000;  cherries,  $58,000;  cranberries,  $93,000;  dried  currants,  $551,000; 
dates,  $154,000;  figs,  $192,000;  grapes,  $277,000;  lemons  and  limes, 
$650,000;  peaches,  $234,000;  pineapples,  $265,000;  plums,  $194,000; 
prunes,  $495,000;  and  oUve  oil,  $190,000. 

EXPORTS. 

The  principal  fruit  exported  from  Canada  is  apples.  During  the 
five  years  1909-1913  there  were  exported  from  Canada  on  an  average 
1,242,000  barrels  of  apples  annually,  valued  at  $3,626,000.  Great 
Britain  took  93  per  cent  of  these  apples,  Germany  2.5  per  cent,  and 
the  United  States  1.7  per  cent.  Of  the  total  value  of  fruit  exported 
from  Canada  during  the  five  years  named  82.3  per  cent  was  contrib- 
uted by  apples. 

In  addition  to  fresh  apples  there  were  exported  from  Canada 
during  the  five  years  1909-1913  dried  apples  to  the  value  of  $299,000 
annually,  berries  $123,000,  canned  or  preserved  fruits  $226,000,  cider 
$28,000,  and  wine  $7,000. 

CENTRAL  AMERICA. 

CoBta  Rica. — ^The  growing  of  bananas  for  export  is  the  principal 
fruit  industry  of  Costa  Rica.  Nearly  one-half  of  the  total  value  of 
all  exports  from  that  country  is  derived  from  this  one  item.  During 
the  five  years  1909-1913  exports  of  bananas  averaged  9,918,000 
bunches  annually,  valued  at  $4,615,000.  Four-fifths  of  these  bananas 
went  to  the  United  States  and  practically  all  of  the  rest  to  the  United 
Kingdom. 

Small  quantities  of  oranges  were  also  exported,  principally  to  the 
United  States. 

The  principal  fruits  and  fruit  products  imported  into  Costa  Rica 
during  the  five  years  1909-1913  and  their  average  annual  value  were 
fresh  fruits  $6,758,  dried  fruits  $10,027,  preserved  fruits  $11,577, 
oUve  oil  $12,580,  and  wines  $114,000. 

GucUemala. — Bananas  constitute  one  of  the  principal  sources  of 
wealth  in  Guatemala.  In  1913  the  value  of  bananas  exported 
amoimted  to  $826,000,  as  compared  with  $667,000  in  the  year 
preceding. 

Honduras. — ^During  the  fiscal  year  ended  July  31,  1913,  the  value 
of  bananas  exported  from  Honduras  amoimted  to  $1,654,000,  or  one- 
half  of  the  total  value  of  all  exports.  These  bananas  are  shipped 
principally  from  Puerto  Cortez,  Ceiba,  and  TrujiUo.  Those  from 
Puerto  Cortez  average  about  $1,000,000  a  year. 

Nicaragua. — Bananas  are  grown  in  large  quantities  in  the  Blue- 
fields  section  and  shipped  to  New  Orleans.  Exports  for  the  four 
years  1911-1914  averaged  1,458,000  bimches  annually,  valued  at 
$424,000. 

63668*»— Bull.  48S— 17 2 
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MEXICO. 

PRODUCTION. 

A  wide  variety  of  fruits  is  grown  in  Mexico,  ranging  from  the 
apple,  peach,  cherry,  plum,  quince,  and  grape  of  the  Temperate  Zone 
to  the  orange,  lime,  lemon,  banana,  pineapple,  fig,  zapote,  mango, 
mamey,  avocado  (aguacate),  and  guava  of  the  Semitropical  and 
Tropical  Zones.  Oranges  and  bananas  are  the  most  important  fruits 
grown  in  Mexico.  In  1907  the  production  of  these  fruits  amounted 
to  83,814,000  pounds  and  80,492,000  poimds,  respectively. 

IMPORTS  OF  FRUrrS  AND  FRUTT  PRODUCTS. 

During  the  four  fiscal  years  ending  Jime  30,  1909-1912,  there  were 
imported  annually  into  Mexico  on  an  average  4,021,000  pounds  of 
dried  fruits,  valued  at  $227,000;  156,000  pounds  of  preserved  fruits, 
valued  at  $17,000;  1,494,000  pounds  of  pickled  fruits,  valued  at 
$66,000;  1,230,000  pounds  of  olive  oil,  valued  at  $195,000;  and 
22,297,000  pounds  of  wines,  valued  at  $1,655,000.  The  United  States 
and  Spain  supplied  most  of  the  dried  and  preserved  fruits  and  Spain 
the  larger  part  of  the  pickled  fruits  and  oUve  oil.  The  wines  were 
obtained  chiefly  from  Spain  and  France. 

EXPORTS  OF  DOMESTIC  FRUTTS. 

Exports  of  domestic  fruits  from  Mexico,  comprising  strawberries, 
avocados,  bananas,  lemons,  oranges,  etc.,  averaged  24,196,000 
pounds  annually,  valued  at  $247,000,  during  the  five-year  period 
1908-1912.  Ninety-three  per  cent  of  these  fruit  exports  was  shipped 
to  the  United  States  and  nearly  all  of  the  remainder  to  Canada. 

WEST  INDIES. 
BRITISH  WEST  INDIES. 

Bahamas. — ^The  principal  fruit  exported  from  the  Bahama  Islands 
is  canned  pineapples.  During  the  four  years  1909-1912  there  were 
exported  36,737  cases,  valued  at  $35,724,  as  compared  with  31,000 
and  33,000  cases  in  1913  and  1914,  respectively.  Small  quantities 
of  grapefruit  and  oranges  are  also  exported.  The  United  States  is 
the  chief  customer  for  these  fruits. 

Barbados. — During  the  four  years  1909-1912  the  average  annual 
value  of  bananas  exported  was  $8,777.  Nearly  all  of  the  bananas 
were  shipped  to  the  United  Kingdom. 

Jamaica. — The  growing  of  bananas  for  export  is  the  principal 
industry  of  Jamaica.  In  the  season  1914-15  the  area  under  bananas 
amounted  to  85,854  acres,  as  compared  with  an  average  of  82,064 
acres  for  the  four  preceding  years.  Exports  during  the  four  years 
1909-1912  averaged  15,117,000  bunches  annually,  valued  at 
$6,379,000,    as    compared    with    11,598,000    bunches,    valued    at 
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S4,809,000,  in  1913.  Nearly  all  of  the  bananas  are  shipped  to  the 
United  States.  There  were  also  exported  grapefruit  to  the  vahie 
of  $92,170  annually,  oranges  $207,000,  and  lime  juice  $19,258. 

Leeward  Islands. — ^The  growing  of  limes  is  the  principal  fruit  indus- 
try of  the  islands  of  this  group,  especially  in  Dominica,  where  the 
industry  has  attained  its  highest  development.  During  the  five 
years  1909-1913  the  lime  crop  of  Dominica  averaged  354,000  barrels 
yearly.  The  flour  barrel  used  for  measuring  limes  will  average  about 
160  poimds  of  fruit.  Calculated  on  this  basis  the  average  annual 
production  was  56,640,000  poimds.  The  average  annual  value  of 
exports  of  limes  and  lime  products  during  the  three  years  1911-1913 
was  $508,090.  There  were  also  exported  from  Dominica  small 
quantities  of  oranges  and  orange  oil. 

St.  Lacia. — ^The  cultivation  of  limes  is  making  rapid  strides  and 
seems  likely  to  assume  an  important  place  in  the  economics  of  the 
island.  Exports  of  limes  and  hme  products  increased  from  $1,411 
in  1911  to  $5,280  in  1912  and  $15,220  in  1913. 

Trinidad  and  Tobago. — ^The  area  devoted  to  the  cultivation  of  limes 
and  oranges  in  the  season  1913-14  was  1,123  acres.  The  value  of 
fruit  exported  has  increased  from  $3,908  in  1905  to  $57,396  in  1914. 

CUBA. 

Among  the  fruits  grown  in  Cuba  are  the  banana,  pineapple,  orange, 
lime,  avocado  (aguacate),  anon  (custard  apple),  fig,  guava,  mamey, 
and  sapote. 

Exports. — ^During  the  five  years  1909-1913  there  was  exported  from 
Cuba  an  annual  average  of  69,063,000  poimds  of  pineapples,  valued 
at  $1,189,000;  82,223,000  pounds  of  bananas,  valued  at  $771,000; 
6,195,000  poimds  of  oranges,  valued  at  $116,000;  and  84,233  poimds 
of  limes,  valued  at  $1,521.  Practically  all  of  these  fruits  were  shipped 
to  the  United  States. 

Imports. — ^The  principal  fruits  and  fruit  products  imported  into 
Cuba  during  the  five  years  1909-1913  and  their  average  annual  value 
were  dried  apples,  $5,740;  fresh  apples,  $59,000;  canned  fruit,  $73,000; 
grapes,  $39,000;  prunes,  $15,300;  raisins,  $27,300;  oUve  oil,  $928,000; 
and  wines,  $1,574,000. 

DOMINICAN  BEPUBUC. 

The  principal  fruit  exported  from  the  Dominican  Republic  is  the 
banana.  Shipments  of  bananas  from  Puerto  Plata  during  the  three 
years  1912-1914  ranged  between  592,000  bunches  in  1913,  valued  at 
$296,000,  and  130,000  bunches  in  1914,  valued  at  $65,000.  Practi- 
cally all  of  this  fruit  was  shipped  to  the  United  States. 
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FRENCH  WEST  INDIES. 

Small  quantities  of  pineapples  arc  exported  from  Guadeloupe;  and 
of  bananaS;  pineapples^  and  citrate  of  lime  from  Martinique. 

HAITL 

Statistics  of  the  commerce  of  Haiti  are  meager  and  fragmentary. 
In  1913  there  were  exported  601,000  poimds  of  orange  peel,  as  com- 
pared with  622,000  pounds  in  1912. 

POBTO  BICO. 

The  principal  fruits  cultivated  in  Porto  Rico  are  pineapples,  oranges, 
and  grapefruit.  The  value  of  fruit  exported  during  the  fiscal  year 
ended  Jime  30,  1915,  was  the  largest  in  the  history  of  the  island, 
amoimting  to  $3,031,000.*  Of  this  value,  pineapples  contributed 
$1,724,000,  grapefruit  $834,000,  and  oranges  $378,000. 

SOUTH  AMERICA. 
ARGENTINA. 

PBODUCnON. 

Grape  growing  is  the  most  important  fruit  industry  in  Argentina. 
During  the  five  years  1909-1913  the  area  devoted  to  the  cultivation 
of  grapes  averaged  265,000  acres  yearly,  the  quantity  of  grapes  sent 
to  wineries  1,324,000,000  poimds,  and  the  production  of  wine 
107,405,000  gallons.  Mendoza  is  the  leading  Province  in  the  pro- 
duction of  grapes.  Considerable  quantities  are  also  grown  in  the 
Provinces  of  San  Juan  and  Entre  Rios. 

Statistics  of  production  of  other  fruits  are  lacking.  However,  the 
Argentine  census  of  1908  reports  the  number  of  fruit  trees  in  Argentina 
as  14,343,000.  Slightly  more  than  one-haJf  of  these  is  credited  to  the 
Province  of  Buenos  Aires.  The  total  number  of  peach  trees  in 
Argentina  numbered  7,908,000,  orange  trees  2,117,000,  apple  trees 
1,185,000,  pear  trees  459,000,  apricot  trees  312,000,  olive  trees 
98,000,  and  lemon  trees  64,000,  the  remainder  being  made  up  of 
fruit  trees  not  specified.  Buenos  Aires  was  the  leading  Province  in 
the  growing  of  peaches  and  apples,  reporting  an  area  of  32,017  acres 
carrying  4,839,000  peach  trees,  and  an  area  of  5,283  acres  carrying 
1,035,000  apple  trees.  With  reference  to  orange  culture,  Corrientes 
is  the  leading  Province,  reporting  an  area  of  15,987  acres  carrying 
1,514,000  trees. 

IMPORTS. 

The  value  of  fresh,  dried,  and  prepared  or  preserved  fruits  imported 
into  Argentina  during  the  five  years  1909-1913  averaged  $1,779,000. 
Fresh  fruits  contributed  49  per  cent  of  this  value,  prepared  or  pre- 
served fruits  31.6  per  cent,  and  dried  fruits  19.4  per  cent.    In  addi- 

>  Nearly  all  of  this  fruit  was  shipped  to  the  United  States. 
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tion,  imports  of  olive  oil  averaged  $3,780,000  annually  during  the 
five  years  1909-1913,  and  wines  $9,738,000  annually. 

The  value  of  imports  is  the  official  valuation  fixed  by  the  valuation 
schedule  of  the  tajiff. 

The* principal  fruits  imported  into  Argentina  during  the  five  years 
1909-1913  and  their  average  annual  value  were  olives  $387,000, 
apples  $201,000  (year  1913),  oranges  $201,000,  figs  $138,000,  bananas 
$117,000,  raisins  $106,000,  plimis  $82,000,  lemons  $55,000,  dates 
$29,000,  grapes  $12,000,  and  preserved  fruits  $112,000. 

EXPORTS. 

The  value  of  exports  of  fruit  from  Argentina  during  the  five  years 
1909-1913  averaged  $51,000  annually.  These  exports  went  chiefly 
to  Brazil  alid  Uruguay.  The  value  is  based  on  the  ciurent  market 
price. 

BRAZIL. 

IMPORTS. 

Imports  of  fruit  for  tne  three  years  1910-1912  averaged  24,685,000 
pounds,  valued  at  $2,432,000.  Fresh  fruits  contributed  56.3  per 
cent  of  this  value,  dried  fruits  25  per  cent,  and  prepared  or  preserved 
fruits  18.7  per  cent.  In  1913  and  1914  the  value  of  these  imports 
was  $2,804,000  and  $1,721,000,  respectively.  The  principal  items 
imported  and  their  average  annual  value  were  dried  fruits  $607,000, 
olives  $398,000,  grapes  $393,000,  and  apples  $206,000. 

Imports  of  olive  oil  during  the  four  years  1909-1912  averaged 
8,340,000  pounds  annually,  valued  at  $1,679,000,  and  of  wines 
148,380,000  pounds  annually,  valued  at  $10,988,000.  Portugal, 
Italy,  Spain,  and  France  supplied  most  of  the  olive  oil  and  wines. 

EXPORTS. 

Exports  of  fruits  from  Brazil  for  the  three  years  1910-1912  averaged 
$747,000  annually.  Fresh  fruits  contributed  92.6  per  cent  of  this 
value  and  prepared  or  preserved  fruits  7.1  per  cent.  In  1913  and 
1914  the  value  of  fruit  exported  was  $824,000  and  $875,000,  respec- 
tively. The  principal  fruits  exported  during  the  three  years  1910-1912 
and  their  average  annual  value,  were  bananas  $641,  000,  pineapples 
$37,000,  oranges  $11,788,  and  tangerines  $3,805. 

CHILE. 

AREA  AND  PRODUCTION. 

The  varieties  of  fruits  cultivated  in  Chile  are  very  numerous,  includ- 
ing peaches,  apples,  plums,  prunes,  quinces,  pears,  grapes,  oranges, 
lemons,  figs,  etc. 

Of  these  fruits,  the  most  important  is  the  grape.  During  the 
three  years  1911-1913  the  area  devoted  to  the  cultivation  of  the  vine 
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averaged  140,678  acres  annually,  as  ccmpared  with  162,895  acres  in 
1914.  French  vines  occupied  21.1  per  cent  of  the  area  during  the 
five-year  period  mentioned  and  native  vines  the  remainder.  In  1914 
French  vines  numhered  75,453,000,  as  against  192,111,000  native 
vines.  The  vintage  yield  during  the  five  years  1909-1913  averaged 
36,217,000  gallons  of  wine  annually,  7,022,000  gallons  of  chichas 
(a  drink  made  from  must),  6,709,000  gallons  of  chacolies  (a  sour  wine 
made  from  green  grapes),  486,279  gallons  of  hrandy,  and  1,600,000 
poimds  of  raisins.  The  1914  vintage  produced  55,213,000  gallons 
of  wine,  12,066,000  gallons  of  chichas,  10,474,000  gallons  of  chacolies, 
665,180  gallons  of  brandy,  and  1,536,000  pounds  of  raisins. 

The  area  devoted  to  Uie  cultivation  of  orchard  fruits  during  the 
four  years  1910-1913  averaged  29,283  acres,  as  compared  with 
42,926  acres  in  1914;  and  the  average  annual  production  of  the 
principal  fruits  was  as  follows:  Apples  21,484,000  poimds  (year  1914), 
cider  737,000  gallons,  figs  2,737,000  poimds,  dried  peaches  2,365,000 
pounds,  olives  1,006,000  pounds,  prunes  423,000  pounds,  and  cherries 
197,000  pounds. 

EXPOBTS. 

The  value  of  exports  ol  fruits  from  Chile  during  the  five  years 
1909-1913  averaged  $184,000  yearly.  Dried  fruit,  principally 
peaches  and  raisins,  contributed  77.6  per  cent  of  this  value,  prepared 
or  preserved  fruits  17.4  per  cent,  and  fresh  fruits  5  per  cent.  Wine 
exports  averaged  $39,000  annually. 

IMPORTS. 

Imports  of  fruits  into  Chile  for  the  five  years  1909-1913  averaged 
1,222,000  pounds  annually,  valued  at  $99,000.  Nearly  all  of  these 
imports  consisted  of  fresh  fruits  shipped  in  from  Peru.  Imports  of 
ohve  oil  and  other  oils  for  table  use  during  this  period  averaged 
17,255,000  pounds  annually,  valued  at  $1,201,000.  The  United 
States  and  Italy  supplied  most  of  these  oils. 

PARAGUAY. 

The  growing  of  oranges  is  the  principal  fruit  industry  of  Paraguay. 
It  is  estimated  that  the  number  of  orange  trees  of  producing  age  in 
1913  was  1 ,500,000.  In  that  year  there  were  exported  from  Paraguay 
164,271,000  oranges,  3,768,000  mandarins,  5,265  pineapples,  and 
38,142  bunches  of  bananas. 

URUGUAY. 

AREA  AND  PSODUCTION. 

Of  the  total  area  under  fruit  trees  in  1908,  approximately  one-half 
was  devoted  to  the  cultivation  of  peaches  and  one-fourth  to  oranges. 
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Kind  of  tree. 

Area 

Number 
or  trees. 

ProduotloiL 

Onnge 

Acret. 

16,884 
1,403 

33,418 
6,716 
4,035 
1,436 
761 
1,114 
1,458 

501,119 

40.332 

2,095,597 

229.196 

118,391 
68,278 
60,510 
65,301 

125,828 

Pounds. 

6,292,750 

815,901 

14,229,896 

1,791,650 
850.889 
219,777 
23,847 
273.243 
104.463 

Lemon. 

Peach. 

Pear 

Apple 

Pfnm 

Caierry,  sweet 

Olive. 

Total 

68,125 

3,284,563 

23,600,428 

YINETARDS. 


During  the  five  yeara  1909-1913  the  average  area  under  vines  was 
14,386  acres,  number  of  producmg  vines  21,528,000,  production  of 
grapes  29,255  tons,  and  production  of  wine  4,111,000  gallons. 

Table  5.— Ftn«yarcfe  of  Uruguay,  1908-9  to  191t-lS. 


Season. 

Area, 
cultl- 
yated. 

Nomberof 

producing 

▼ines. 

Production. 

Grapes. 

Wine. 

1908-9 

1909-10 

1910-U 

1911-12 

1913-13 

Aerei. 
13,574 
14,080 
14,006 
15,188 
15,082 

10,636,543 
20,689,479 
20,410,430 
22,772,976 
24,132,869 

Torn  of 
2,000  Vbs. 
80,240 
31,285 
27,089 
20,806 
86,854 

OaOont. 
4,270,304 
4.490,295 
8,884,250 
2,788,803 
5,132,962 

IMPORTa 

The  value  of  imports  of  fruit  into  Uruguay  during  the  three  years 
1909-191 1  averaged  $282,000  annually.  Dried  fruits  contributed  50.3 
per  cent  of  this  value,  fresh  fruits  39.3  per  cent,  and  preserved  or 
pickled  fruits  10.4  per  cent.  The  principal  fruits  imported  during  the 
three  years  1909-1911  and  their  average  annual  value  were  raisins 
$60,212,  figs  $41,087,  oranges  $38,574,  olives  $25,754,  plums  $25,242, 
dried  peaches  $22,269,  bananas  $21,549,  dates  $17,330,  and  apples 
$4,622. 

Imports  of  olive  oil  averaged  $526,500  annually  and  of  wine 
$1,714,000.  Spain  and  Italy  supplied  the  bulk  of  the  olive  oil  and 
wine. 

EXPORTS. 

The  value  of  fruit  exported  from  Uruguay  during  the  three-year 
period  1909-1911  averaged  $44,952  annually,  as  compared  with 
$47,831  in  1912.  The  principal  fruits  specified  among  these  exports 
were  peaches,  oranges,  pears,  olives,  and  cherries. 
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EUROPE. 
AUSTRU-HUNGARY. 

AREA  AND  Pl^ODUCTION. 

Atlstria. — During  the  five  years  1909-1913  the  average  annual 
production  of  fruit  in  Austria  was  as  follows: 

Apples,  pears,  etc.,  1,315,000,000  pounds;  cherries,  plums,  etc., 
1,075,000,000  pounds;  citrus  fruits  (reported  only  in  1913),  75,000 
pounds;  figs,  15,306,000  pounds;  and  grapes  for  table  use,  10,210,000 
pounds. 

There  was  also  produced  during  this  period  an  annual  average  of 
10,083,000  pounds  of  olive  oil  and  110,734,000  gallons  of  wine. 
Statistics  of  the  production  of  the  various  fruits  of  Austria  and  of 
wine  for  each  of  the  five  years  1909-1913  are  given  in  the  following 
table: 

Table  6. — Production  of  fruit  and  tuine  in  Austria. 


Kind. 


1909 


1910 


1911 


1912 


1913 


Orepes  for  table  use. .  .pounds. . 

Apples,  pears,  etc do 

CneiTles,  plums,  etc do. . . . 

Figs do.... 

Cl&us  fruit do.... 

Wine gallons.. 


10,606,499 
1,043.832,906 
1,735,670,337 

16,172,284 


8,920,512 

1,415,680,363 

011,423,968 

18,734,250 


10,482,212 
951,026,650 
570,496,026 

15,392,517 


12,027,416 
2,065,581,231 
1,586,722,049 

14,612,530 


165,174,168         67,281,378 


101,352,889 


104,872,135 


1,914,741 

1,000,817,841 

569,140,41S 

11,619,565 

75,177 

114,989,186 


Hungary. — Statistics  of  fruit  in  Hungary  for  recent  years  are  con- 
fined to  the  area  under' vines,  production  of  wine,  and  grapes  sold. 
During  the  three  years  1909-1911  the  average  area  of  the  vineyards 
of  Hungary  was  864,000  acres ;  quantity  of  wine  produced,  106  million 
gallons ;  grapes  sold,  24  million  pounds ;  and  the  average  annual  value 
of  all  products  of  the  vine  $30,993,000. 

IMPOBTS. 

Imports  of  fruits  into  Austria-Hungary  during  the  five  years  1909- 
1913  averaged  399,806,000  pounds  annually,  valued  at  $9,496,000. 
Fresh  fruits  contributed  60.9  per  cent  of  this  value,  dried  fruits  34.6 
per  cent,  and  prepared  or  preserved  fruits  4.6  per  cent.  In  addition, 
imports  of  wines  averaged  8,841,000  poimds  annually,  valued  at 
$1,682,000,  and  of  edible  olive  oil  7,211,000  poimds,  valued  at 
$708,000. 

The  principal  fruits  imported  into  Austria-Hungary  are  oranges, 
figs,  lemons  and  cedrates,  and  raisins.  During  the  five  years  1909- 
1913  the  average  annual  imports  of  these  fruits  were  as  follows: 
Oranges  156,719,000  pounds,  valued  at  $2,598,000;  figs  67,331,000 
pounds,  valued  at  $1,813,000;  lemons  and  cedrates  73,686,000 
pounds,  valued  at  $1,393,000;  and  raisins  20,416,000  pounds,  valued 
at  $1,159,000. 
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Oranges  and  lemons  were  obtained  chiefly  from  Italy,  figs  from 
Greece,  Italy,  and  Turkey,  raisins  from  Greece  and  Spain,  wines  from 
France,  and  olive  oil  from  Greece,  Italy,  and  France. 

Other  fruits  and  fruit  products  imported  during  the  period  named 
and  their  average  annual  value  were  apples,  pears,  and  quinces  $988,000, 
dates  $169,000,  cherries  and  pickled  fruits  $137,000  each,  prunes 
$126,000,  plum  marmalade  $123,000,  grapes  $93,000,  plums  $90,000, 
apricots  and  pineapples  $78,000  each,  preserved  citrus  fruits  and  peel 
$67,000,  olives  $66,000,  dried  currants  $17,000,  and  olive  oil  for  in- 
dustrial uses  $178,000. 

EXPORTS. 

Exports  of  fruits  from  Austria-Hungary  during  the  five  years  1909— 
1913  averaged  273,879,000  pounds  annually,  valued  at  $5,755,000. 
Fresh  fruits  contributed  83.7  per  cent  of  this  value,  dried  fruits  12.7 
per  cent,  and  prepared  or  preserved  fruits  3 .6  per  cent.  In  addition, 
exports  of  wines  other  than  sparkling  averaged  $1,271,000  annually^ 
and  of  edible  olive  oil  $32,000. 

The  principal  fruits  exported  from  Austria-Hungary  were  apples, 
pears,  and  quinces.  During  the  five  years  1909-1913  exports  of 
these  fruits  averaged  165,898,000  poimds  annually,  valued  at 
$3,076,000.  Of  the  other  fruits  exported  the  more  important  and 
their  average  annual  value  were  prunes  $727,000,  lemons  and  cedrates 
$436,000,  plums  $332,000,  grapes  $268,000,  oranges  $209,000,  pickled 
fruits  $151,000,  apricots  $107,000,  cherries  $88,000,  and  peaches 
$13,000, 

The  bulk  of  the  fruits  exported  went  to  Germany  and  the  larger 
part  of  the  olive  oil  to  Italy.  Fifty-two  per  cent  of  the  wines  was 
shipped  to  Switzerland  and  41  per  cent  to  Germany. 

BELGIUM  AND  NETHERLANDS. 

BELGIUM. 

Area. — ^The  area  imder  orchard  fruits  in  Belgium  in  1910  amounted 
to  157,000  acres.  On  10,546  acres  of  this  area  other  crops  were 
planted  between  the  trees.  Official  statistics  of  the  production  of  the 
various  kinds  of  fruits  are  not  available. 

Imports. — The  total  value  of  imports  of  fruits,  exclusive  of  pre- 
served fruits,  into  Belgium  during  the  five  years  1909-1913  averaged 
$3,838,000  annually.  Fresh  fruits  contributed  55.2  per  cent  of  this 
value  and  dried  fruits  44.8  per  cent.  In  addition,  imports  of  wine 
averaged  $7,057,000  annually  and  of  olive  oil  $603,000  annually. 

Citrus  fruits  and  apples  are  the  chief  fruits  imported.  During  tho 
five  years  1909-1913  there  was  imported  annually  an  average  of 
53,325,000  poimds  of  citrus  fruits,  valued  at  $1,240,000,  and 
30,447,000  pounds  of  fresh  apples,  valued  at  $568,000.  Of  the  other 
8*^— Bull.  483—17 3 
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fruits  imported  during  the  period  named,  the  principal  ones  and  their 
average  annual  value  were  raisins  $508,000;  prunes  $331,000,  figs 
$297,000,  dried  currants  $213,000,  bananas  $83,000,  fresh  pineapples 
$22,000,  and  grapes  $10,000. 

Spain  supplied  the  greater  part  of  the  citrus  fruits  andTVance  most 
of  the  apples,  wines,  and  olive  oil. 

Exports. — ^The  principal  fruits  exported  from  Belgium  during  the 
five  years  1909-1913  and  their  average  annual  value  were  apples 
valued  at  $738,000  and  grapes  valued  at  $374,000.  Germany  was 
the  principal  customer  for  apples  and  the  United  Kingdom  for  grapes. 

NETHERLANDS. 

Area. — ^During  the  five  years  1909-1913  the  area  of  the  commercial 
orchards  of  the  Netherlands  averaged  52,790  acres  annually,  as  com- 
pared with  57,147  acres  in  1914. 

Imports. — ^The  value  of  imports  of  fruits  into  the  Netherlands 
dming  the  five  years  1909-1913  averaged  $2,020,000  annually. 
Fresh  fruits  contributed  70.2  per  cent  of  this  value,  dried  fruits  26.8 
per  cent,  and  preserved  fruits  3  per  cent.  In  addition,  imports  of 
wines  averaged  $2,102,000  annually  and  imports  of  oUve  oil  $35,000 
annually. 

The  principal  fruits  imported  during  the  period  named  and  their 
average  annual  value  were  oranges  and  mandarins  $723,000,  dried 
fruits  $541,000,  lemons  $111,000,  apples  $88,000,  pears  $62,000, 
canned  fruits  and  grapes  $48,000  each,  and  pineapples  $17,000.  The 
chief  source  of  supply  for  oranges  was  Spain,  for  lemons  Italy,  for 
dried  fruits  United  States,  and  for  apples,  grapes,  and  pears  Belgium. 

Exports. — During  the  five  years  1909-1913  there  was  exported 
from  the  Netherlands  an  average  of  91,003,000  poimds  of  fruits 
annually,  valued  at  $1,705,000.  Fresh  fruits  contributed  84.9  per 
cent  of  this  value,  prepared  or  preserved  fruits  14  per  cent,  and  dried 
fruits  1.1  per  cent.  There  were  also  exported  during  these  five  years 
wines  to  the  value  of  $449,000  annually  and  olive  oil  to  the  value  of 
$47,000. 

The  principal  fruits  exported  during  the  five  years  named  and  their 
average  annual  value  were  apples  $514,000,  strawberries  $263,000, 
pears  $127,000,  cherries  $73,000,  grapes  $44,000,  currants  $42,000, 
and  dried  fruits  $18,000. 

Germany  took  83.4  per  cent  of  the  apples  exported,  practically  all 
of  the  strawberries,  and  76.2  per  cent  of  the  pears,  while  Belgium  was 
the  chief  customer  for  wines. 
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DENMARK,  NORWAY*  AND  SWEDEN. 
DENMARK. 

Imports. — General  imports  of  fruits  into  Denmark  for  the  five  years 
1909-1913  averaged  56,896,000  poimds  annually,  valued  at 
$1,875,000.  Dried  fruits  contributed  49.6  per  cent  of  this  value, 
fresh  fruits  45  per  cent,  and  prepared  or  preserved  fruits  5.4  per  cent. 
In  addition,  imports  of  wines  averaged  $734,000  annually,  and  of 
olive  oil  $105,000. 

The  principal  fruits  imported  during  the  five  years  named  and 
their  average  aonual  value  were  prunes  $340,000,  fresh  apples 
$250,000,  raisins  $226,000,  oranges  $214,000,  prepared  or  preserved 
fruits  $101,000,  bananad  $92,000,  dried  apples  $90,000,  apricots 
$84,000,  lemons  $70,000,  grapes  $64,000,  figs  $55,000,  pears  and 
dried  currants  $37,000  each,  and  plums  $28,000. 

Prunes  and  apples  were  obtained  chiefly  from  the  United  States, 
raisins  from  Spain,  oranges  and  oUve  oil  from  Italy,  and  wine  from 
France. 

Exports. — Exports  of  fruit  from  Denmark  during  the  five  years 
1909-1913  averaged  412,000  poimds  annually,  valued  at  $17,000. 
Fresh  fruits  contributed  59  per  cent  of  this  value,  and  prepared  or 
preserved  fruits  practically  all  of  the  remainder. 

NORWAY. 

Imports. — ^Imports  of  fruits  into  Norway  during  the  five  years 
1909-1913  averaged  31,839,000  poimds  annually,  valued  at 
$1,319,000.  Fresh  fruits  contributed  59.4  per  cent  of  this  value, 
dried  fruits  38.5  per  cent,  and  preserved  fruits  2.1  per  cent.  In 
addition,  imports  of  wine  averaged  $1,129,000  annually,  and  of  olive 
oil  $495,000. 

The  principal  fruits  imported  into  Norway  during  the  five  years 
named  and  their  average  annual  value  were  oranges  and  lemons 
$326,000,  apples  and  pears  $206,000,  prunes  and  dates  $201,000,  and 
raisins  $177,000. 

Apples  and  pears  were  obtained  chiefly  from  the  United  States, 
prunes  and  dates  from  Germany,  oranges,  raisins,  and  wines  from 
Spain,  and  oUve  oil  from  France. 

Exports. — ^Exports  of  fruit  from  Norway  during  the  five  years 
1909-1913  averaged  1,787,000  pounds  annually,  valued  at  $67,000. 
The  greater  part  of  these  exports  consisted  of  fresh  berries  which 
were  shipped  principally  to  the  Ubited  Kingdom. 

SWEDEN. 

Imports. — ^Imports  of  fruit  into  Sweden  during  the  five  years  1909- 
1913  averaged  38,566,000  pounds  annually,  valued  at  $2,179,000. 
Fresh  fruits  contributed  65.1  per  cent  of  this  value,  dried  fruits  33 
per  cent,  and  prepared  or  preserved  fruits  1.9  per  cent.    In  addition, 
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imports  of  wines   averaged  $1,254,000  annually,   and  of  olive  oil 
$36,500. 

The  principal  fruits  imported  during  the  five  years  named  and  their 
average  annual  value  were  oranges  $443,000,  prunes  $423,000,  fresh 
apples  $294,000,  dried  apples  $187,000,  raisins  $216,000,  grapes 
$88,000,  pears  $87,000,  bananas  $81,000,  preserved  fruit  $69,000, 
lemons  $61,000,  and  figs  $56,000. 

Oranges  were  imported  chiefly  from  Italy  and  Germany,  prunes 
and  dried  apples  from  the  United  States,  raisins  from  Spain,  fresh 
apples  from  Great  Britain,  and  wine  from  France. 

Exports. — ^Exports  of  fruit  from  Sweden  during  the  five  years 
1909-1913  averaged  10,406,000  poimds  annually,  valued  at  $330,000. 
Bed  whortleberries,  shipped  chiefly  to  Germany,  comprised  practically 
all  of  these  exports. 

FRANCE. 

AREA  AND  PRODUCTION. 

The  cultivation  of  the  vine  is  the  most  important  fruit  industry  of 
France.  During  the  10  years  1904-1913,  the  area  devoted  to  the 
growing  of  wine  grapes  showed  a  gradual  reduction  from  4,262,000 
acres  in  1904  to  3,830,000  acres  in  1913,  averaging  4,036,000  acres 
for  the  whole  period.  From  the  grapes  grown  on  this  area  there  was 
obtained  a  yearly  average  of  1,408,000,000  gallons  of  wine,  valued 
at  $224,534,000.  In  1914  the  area  imder  wine  grapes  amoimted  to 
3,803,000  acres  and  the  production  of  wine  to  1,585,000,000  gallons, 
valued  at  $211,402,000. 

Statistics  with  reference  to  the  production  of  table  grapes  are  not 
available  for  years  prior  to  1911.  During  the  three  years  1911-1913, 
however,  table  grapes  to  the  extent  of  71,000  short  tons  a  year,  valued 
at  $4,576,000,  were  grown  on  an  area  averaging  47,000  acres,  as 
compared  with  89,000  short  tons,  valued  at  $9,223,000,  produced 
from  80,000  acres  in  1914. 

Statistics  of  the  principal  orchard  fruits  are  shown  in  the  following 
table: 

Table  7. — Production  of  orchard  fruits  in  France  for  the  10-year  period  190^J9JS, 
together  with  comparative  figures  for  1914  and  1915, 


Name  of  fruit. 


Quantity  (In  tons  of  2,000 
pounds). 


Average, 
1904-1913 


1014 


1915 


Olives 

Peaches 

Apricots 

Apples  and  pears  for  table  use 
Apples  and  pears  for  cider .... 

Cnerries 

Plums 

Plums  for  prunes 


87,782 
31,967 
7,380 
171,650 
2,782,593 
33,797 
43,609 
32,853 


90,983 

22,042 

9,402 

204,250 

2,673,584 

43,575 

27,659 

14,138 


42,710 

15,087 

7,800 

297,OQt 

4,940,Ma 

42,880 

2S,65« 

17,Oai 
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Expressed  in  tenns  of  bushels  of  48  pomids,  there  was  produced 
during  the  10  years  1904-1913  an  annual  average  of  1,332,000  bushels 
of  peaches,  7,152,000  bushels  of  apples  and  pears  for  table  use,  and 
115,941,000  bushels  of  apples  and  pears  for  cider.  The  production 
of  cider  and  perry  averaged  434,142,000  gallons  annually,  ranging 
between  72,000,000  gallons  in  1907  and  960,000,000  gallons  in  1904. 
In  1915  there  were  produced  626,000  bushels  of  peaches,  12,400,000 
bushels  of  apples  and  pears  for  table  use,  206,000,000  bushels  of  apples 
and  pears  for  cider,  and  606,000,000  gallons  of  cider  and  perry.  Sta- 
tistics of  the  production  of  apples  for  table  use  were  stated  separately 
in  1915  when  the  production  was  given  as  455,000,000  pounds,  equiva- 
lent to  9,478,000  bushels  of  48  pounds. 

IMPOBTS. 

Imports  of  fruit  into  France  during  the  five  years  1909-1913 
Averaged  420,450,000  pounds  annually,  valued  at  $9,958,000.  Fresh 
fruits  contributed  63.8  per  cent  of  this  value,  dried  fruits  32.7  per 
cent,  and  prepared  or  preserved  fruits  3.5  per  cent.  In  addition, 
there  was  imported  an  annual  average  of  215,000,000  gallons  of  wine, 
valued  at  $51,000,000,  and  38,480,000  pounds  of  olive  oil,  valued  at 
$4,938,000. 

The  principal  fruits  imported  during  the  five  years  1909-1913  were 
lemons,  oranges,  and  raisins.  Imports  of  lemons  and  oranges 
averaged  218,000,000  poimds  annually,  valued  at  $2,890,000,  and  of 
raisins  17,540,000  poimds,  valued  at  $1,044,000.  Of  the  other 
fruits  imported,  the  more  important  and  their  average  annual  value 
were  figs  $852,000,  bananas  $829,000,  prunes  $717,000,  grapes  for 
table  use  $508,000,  mandarins  $431,000,  dried  apples  and  pears  for 
cider  and  perry  $150,000,  and  preserved  pineapples  $111,000. 

Lemons  and  oranges  were  imported  chiefly  from  Spain,  raisins 
from  Turkey,  olive  oil  from  Tunis,  and  wine  from  Algeria. 

EXPORTS. 

Exports  of  fruits  from  France  during  the  five  years  1909-1913 
averaged  403,138,000  poimds  annually,  valued  at  $8,957,000.  Fresh 
fruits  contributed  69.7  per  cent  of  this  value,  dried  fruits  19.7  per 
cent,  and  preserved  fruits  10.6  per  cent.  In  addition,  exports  of 
wines  averaged  52,094,000  gallons  annually,  valued  at  $41,586,000, 
and  of  olive  oil  11,898,000  poimds  annually,  valued  at  $1,461,000. 

The  principal  fruits  exported  during  the  five  years  named  were 
apples,  pears,  and  prunes.  Exports  of  apples  and  pears  for  table  use 
averaged  61,151,000  pounds  annually,  valued  at  $1,718,000;  of  apples 
and  pears  for  cider  and  perry  177,920,000  pounds  annually,  valued  at 
$890,000;  and  of  prunes  21,512,000  pounds  annually,  valued  at 
$1,514,000. 
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Other  important  fruits  exported  and  their  average  annual  value 
were  sugared  fruits  $749,000,  table  grapes  $689,000,  and  wine  grapes 
$358,000. 

Apples  and  pears  for  table  use  were  shipped  principally  to  Belgium 
and  the  United  Kingdom,  and  for  cider  and  perry  to  Grermany, 
prunes  to  the  United  Kingdom,  wines  to  Belgium,  the  United  King- 
dom,  and  Germany,  and  olive  oil  to  the  United  States,  Belgium,  and 
the  United  Kingdom. 

GERMANY. 

OBCHARD  FRUITS. 

The  number  of  fruit  trees  in  Germany  in  1900  with  comparative 
figures  for  the  year  1913  is  shown  in  the  following  table.  Statistics 
of  production  are  not  given. 

Table  8. — Number  of  fruit  trees  in  Germany,  1900  and  191S, 


Kind  of  tree. 


1900 


1913 


Bearing.     Nonbearing.     Total. 


Apple... 

Pear 

Plum . . . 
Cherry.. 
Apricot. 
Peach... 


Number. 
52,332,853 
25,116  266 
69,436,083 
21,548,024 


Number. 
49,744,082 
22,200,657 
52,673,330 
16,218,848 
511,679 

1,285,447 


Number. 
24,631,847 
8,588,229 
11,873,887 
5,171,240 
258,052 
735,741 


Number. 
74,375,029 
30, 788, 88ft 
W,  547, 217 
21,390,068 
760,731 

2,021,188 


>  No  data. 


YINEYABDS. 


The  area  of  vineyards  harvested,  and  production  and  value  of  must, 
during  the  five  years  1909-1913,  are  shown  in  the  following  table. 
Data  concerning  grapes  intended  for  table  use  are  not  recorded,  an 
earUer  inquiry  having  shown  that  the  quantities  thus  consumed  aro 
inconsiderable : 

Table  9. — Area  and  production  of  vineyards  in  Germany,  1909-191S, 


Year. 

Areahar- 
x'ested. 

Must 
produced. 

Value  of 
must. 

1909 

Acre*. 

283,515 

278,002 

271,941 

268,944 

261,620 

QdUoni. 
53,378,719 
22,352,454 
77,213,879 
53,346,478 
26,547,685 

DoOart, 
17,436,240 
13,887,000 
42,471,000 
22,486,080 
11,528,880 

1910 

1911 

1912 

1913 

IMPORTS. 


The  value  of  imports  of  fruits  into  Germany  for  home  consumption 
during  the  five  years  1909-1913  averaged  $41,485,000  annually, 
motmting  steadily  from  $35,000,000  in  the  first-named  year  to 
$63,000,000  in  the  last  named.    Fresh  fruits  contributed  66.7  per 
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cent  of  the  total  value,  dried  fruits  31.1  per  cent,  and  preserved  fruits 
2.2  per  cent.  In  addition,  there  were  imported  annually  1,277,000 
bottles  of  sparkling  wine,  valued  at  $1,741,000,  282,000,000  pounds 
of  wines  other  than  sparkling,  valued  at  $13,575,000,  6,320,000 
pounds  of  olive  oil  for  table  use,  valued  at  $916,000,  and  7,618,000 
pounds  of  olive  oil  for  industrial  xises,  valued  at  $491,000. 

The  principal  fruits  imported  into  Germany  during  the  five  years 
190^1913  were  fresh  apples  560,275,000  pounds  annually,  valued  at 
$7,502,000;  dried  apples  27,355,000  pounds,  valued  at  $2,157,000; 
grapes  169,016,000  pounds,  valued  at  $5,633,000;  oranges  and  man- 
darins 288,117,000  poimds,  valued  at  $4,899,000;  prunes  73,290,000 
pounds,  valued  at  $4,044,000;  raisins  39,990,000  poimds,  valued  at 
$2,478,000;  bananas  66,719,000  pounds,  valued  at  $1,894,000;  fresh 
pears  and  quinces  100,678,000  pounds,  valued  at  $1,847,000;  fresh 
lemons,  dates,  figs,  etc.,  80,732,000  poimds,  valued  at  $1,827,000; 
fresh  berries  50,704,000  pounds,  valued  at  $1,697,000;  dried  currants 
36,342,000  pounds,  valued  at  $1,664,000;  and  fresh  plums  60,438,000 
pounds,  valued  at  $1,095,000.  Of  the  other  fruits  imported  during 
the  five  years  named  the  more  important  and  their  average  annual 
value  were  dried  figs  $803,000,  fresh  cherries  $798,000,  dried  peaches 
and  apricots  $748,000,  fresh  and  preserved  pineapples  $662,000, 
fresh  peaches  $485,000  and  preserved  fruits  $436,000. 

Dried  apples,  dried  peaches  and  apricots,  and  prunes  were  im- 
ported chiefly  from  the  United  States;  fresh  apples  and  wines  from 
France;  fresh  pears,  quinces,  and  plums  from  Austria-Hungary; 
cherries,  grapes,  lemons,  peaches,  and  olive  oil  from  Italy;  bananas 
and  oranges  from  Spain;  fresh  berries  from  the  Netherlands;  dried 
currants  from  Greece;  dried  figs  and  raisins  from  Turkey;  pineapples 
from  Portugal;  and  preserved  fruit  from  Serbia. 

EXPOBTS. 

Exports  of  fruits  from  Germany  during  the  five  years  1909-1913 
averaged  41,353,000  pounds  annually,  valued  at  $1,216,000.  Fresh 
fruits  contributed  80.3  per  cent  of  this  value,  dried  fruits  16.5  per 
cent,  and  preserved  fruits  3.2  per  cent.  There  were  also  exported 
wines  to  the  value  of  $5,627,000  annually.  Fifteen  per  cent  of  the 
value  of  wine  exports  was  derived  from  sparkling  wines  and  85  per 
cent  from  wines  other  than  sparkling. 

The  principal  fruits  exported  from  Germany  during  the  five  years 
1909-1913  and  their  average  annual  value  were  fresh  plums  $275,000, 
berries  (not  including  strawberries)  $242,000,  pears  and  quinces 
$197,000,  apples  $121,000,  and  cherries  $98,000. 

Fresh  fruits  are  exported  principally  to  the  United  Eongdom,  dried 
fruits  to  Sweden,  France,  and  Finland,  sparkling  wines  to  the  IFnited 
Kingdom,  and  other  wines  to  the  United  States  and  the  United 
Kingdom. 
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ITALY. 

PBODUCnON  OF  CITRUS  FRUITS. 

The  latest  estimates  of  the  area  under  citrus  fruits  give  it  as 
111,000  acres  especially  devoted  to  their  cultivation  and  154,000 
acres  under  mixed  crop.  Of  the  area  especially  devoted  to  the 
cultivation  of  citrus  fruits  99.7  per  cent  is  located  in  six  departments, 
namely,  Sicily  70.9  per  cent,  Calabria  18.7  per  cent,  Campania  6.9 
per  cent,  Apulia  1.4  per  cent,  Sardinia  1.2  per  cent,  and  Liguria  0.6 
per  cent. 

The  annual  production  of  all  citrus  fruits  in  Italy  for  the  five  years 
1909-1913  averaged  867,000  tons,  as  compared  with  966,000  tons 
in  1913,  884,000  tons  in  1914,  and  893,000  tons  in  1915.  The  six 
departments  named  above  contributed  99.8  per  cent  of  the  total  pro- 
duction for  the  five  years  1909-1913,  and  99.7  per  cent  for  each  of 
the  three  years  1913-1915.  Sicily  produced  70.6  per  cent  of  all  the 
citrus  fruits  grown  in  Italy  during  the  five  years  named,  Calabria 
13.5  per  cent,  and  Campania  9.1  per  cent.  In  1914  and  1915  the 
proportion  produced  by  Sicily  was  72.2  per  cent  and  74.1  per  cent, 
respectively. 

Statistics  of  production  of  the  various  kinds  of  citrus  fruits  are  not 
given  for  all  Italy.  For  the  years  1913  and  1914,  however,  data  con- 
ceming  the  production  of  lemons,  oranges,  and  mandarins  are  given  for 
the  six  leading  departments  already  mentioned.  The  total  combined 
production  of  the  fruits  specified  in  these  six  departments  was  962,000 
tons  in  1913  and  878,000  tons  in  1914. 

Lemons. — ^The  production  of  lemons  was  474,000  tons  in  1913  and 
471,000  tons  in  1914.  Expressed  in  terms  of  boxes  containing  75 
pounds  of  fruit,  the  production  of  lemons  in  these  two  years  was 
equivalent  to  12,651,000  boxes  and  12,549,000  boxes,  respectively. 
Sicily  produced  84  per  cent  of  the  lemons  in  1913  and  86.6  per  cent  in 
1914,  Campania  5.2  per  cent  and  6.3  per  cent,  respectively,  and 
Calabria  6.4  per  cent,  and  3.3  per  cent,  respectively. 

Oranges. — The  production  of  oranges  was  453,000  tons  in  1913  and 
378,000  tons  in  1914.  On  the  basis  of  64  pounds  of  fruit  to  a  box,  the 
production  of  oranges  in  these  two  years  was  equivalent  to  14,165,000 
boxes  and  11,798,000  boxes,  respectively.  Sicily  produced  61  per 
cent  of  the  oranges  in  1913  and  57.2  per  cent  in  1914,  Calabria  19.3 
per  cent  and  18.9  per  cent,  respectively,  and  Campania  14.4  per  cent 
and  17.9  per  cent,  respectively. 

Mandarms, — ^The  production  of  mandarins  was  35,000  tons  in  1913 
and  30,000  tons  in  1914.  SUghtly  more  than  one-half  of  the  mandarin 
crop  was  grown  in  Sicily. 
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VINEYARDS. 

The  area  under  vines  in  Italy  during  the  five  years  1910-1914 
averaged  10,907,000  acres  annually.  Of  this  area  2,195,000  acres 
were  especially  devoted  to  the  growing  of  grapes  and  in  the  case  of 
the  remaining  8,712,000  acres,  other  crops  were  grown  on  the  same 
groimd.  In  1915  the  area  under  pure  crop  was  2,157,000  acres  and 
imder  mixed  crop  8,756,000  acres. 

The  production  of  grapes  for  the  five  years  1909-1913  averaged 
7,823,000  tons  as  compared  with  7,495,000  tons  in  1914  and  3,320,000 
in  1915. 

The  production  of  wine  for  the  five  years  1909-1913  averaged 
1,216,000,000  gallons  annually,  ranging  between  1,632,000,000  gallons 
in  1909  and  774,000,000  gallons  in  the  year  following.  In  1914  the 
vintage  amounted  to  1,137,000,000  gallons  and  in  1915  to  503,000,000 
gallons. 

OLIYBS. 

The  olive  groves  of  Italy  during  the  three  years  1911-1913  covered 
an  average  area  of  5,723,000  acres,  of  which  1,353,000  acres  were 
imder  pure  crop  and  4,370,000  acres  under  mixed  crop.  In  1914  the 
area  under  olive  trees  was  5,678,000  acres.  The  production  of  oUves 
averaged  1,187,000  tons  annually,  as  compared  with  1,188,000  tons  in 
1914  and  1,026,000  tons  in  1915. 

The  production  of  oUve  oil  averaged  47,913,000  gallons  annually, 
ranging  between  25,000,000  gallons  in  1912  and  68,000,000  gallons 
in  1909.     In  1914  there  were  produced  47,128,000  gallons  of  olive  oil. 

OTHER  FRUITS. 

Apples,  pears,  quinces,  and  pomegranates. — ^These  fruits  axe  bulked 
together  in  the  statistics  of  production.  During  the  five  years 
1909-1913  their  average  annual  production  was  250,000  tons,  as 
compared  with  266,000  tons  in  1914,  and  356,000  tons  in  1915. 

Dried  Jigs  and  prunes. — ^The  production  of  dried  figs  and  prunes  in 
Italy  averaged  87,000  tons  annually,  as  compared  with  77,000  tons 
in  1914  and  107,000  tons  in  1915. 

PvlpoiLS  fruits. — ^The  production  of  pulpous  fruits,  such  as  peaches, 
apricots,  cherries,  etc.,  during  the  five  years  1909-1913  averaged 
117,000  tons  annually,  as  compared  with  126,000  tons  in  1914  and 
130,000  tons  in  1915. 

EXPORTS. 

Exports  of  fruits  from  Italy  during  the  five  years  1909-1913 
averaged  1,205,743,000  pounds  annually,  valued  at  $21,492,000. 
Fresh  fruits  contributed  90  per  cent  of  this  value,  dried  fruits  6.5 
per  cent,  and  preserved  fruits  3.5  per  cent. 

Exports  of  citrus  fruits  during  this  period  averaged  857  million 
pounds  annually. 
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The  principal  fruits  exported  during  the  five  years  1909-1913  were 
lemons  588,522,000  pounds  annually,  valued  at  $7,207,000;  apples  and 
pears  161,781,000  pounds,  valued  at  $4,203,000;  oranges  264,667,000 
pounds,  valued  at  $3,785,000;  table  grapes  47,655,000  pounds,  valued 
at  $1,426,000;  and  dried  figs  40,956,000  pounds,  valued  at  $1,273,000. 
Of  the  other  fruits  exported,  the  more  important  and  their  average 
annual  value  were  candied  fruit  $756,000,  peaches  $559,000,  cherries 
$439,000,  wine  grapes  $287,000,  limes  and  cedrates  $139,000,  and 
apricots  $117,000.  The  chief  customer  for  lemons  was  the  United 
States;  for  apples,  pears,  and  grapes,  Germany;  and  for  oranges  and 
dried  figs,  Austria-Hungary. 

In  addition  to  fruits,  fruit  products  constitute  an  important  item 
of  export.  The  principal  fruit  products  exported  from  Italy  during 
the  five  years  1909-1913  were  the  following:  Wines  to  the  value  of 
$10,468,000  annually;  oUve  oil  for  table  use  54,780,000  pounds 
annually,  valued  at  $8,558,000;  olive  oil  for  industrial  uses  20,350,000 
pounds,  valued  at  $1,482,000;  citrate  of  lime  12,447,000  pounds, 
valued  at  $1,733,000;  and  essential  oil  of  lemon  1,009,000  pounds 
annually,  valued  at  $1,414,000.  Wines  were  shipped  chiefly  to 
Switzerland,  Argentina,  and  Brazil;  olive  oil  for  table  use  to  the 
United  States,  Argentina,  and  France;  oUve  oil  for  industrial  uses  to 
the  United  States,  Egypt,  and  Austria-Hungary;  citrate  of  lime  to 
the  United  States,  the  United  Kingdom,  and  France;  and  essential 
oil  of  lemon  to  the  United  States  and  the  United  Kingdom.  Other 
fruit  products  of  importance  exported  and  their  average  annual 
value  were  essential  oil  of  bergamot  $633,000,  essential  oil  of  orange 
$371,000,  essential  oil  of  mandarin  $5,903,  citrus  fruit  peel  $137,000, 
concentrated  citrus  fruit  juices  $56,000,  and  raw  citrus  fruit  juices 
$21,000. 

IMPORTa 

Imports  of  fruits  into  Italy  during  the  five  years  1909-1913  averaged 
20,528,000  pounds  annually,  valued  at  $927,000.  These  imports  do 
not  include  fruits  listed  with  vegetables.  Two-thirds  of  the  total 
value  of  fruits  imported  consisted  of  dried  fruits  and  the  remainder  of 
fresh  fruits.  In  addition,  imports  of  oUve  oil  for  table  use  averaged 
$991,000  annually  and  of  wine  $599,000. 

The  principal  fruits  imported  during  the  five  years  1909-1913  and 
their  average  annual  value  were  dates  $305,000,  bananas  $185,000, 
raisins  $153,000,  prunes  $139,000,  and  limes  and  cedrates  $93,000. 

Ohve  oil  was  imported  chiefly  from  Spain,  wines  from  France, 
dates  from  Tunis,  bananas  from  Spanish  Africa,  raisins  from  Turkey, 
and  prunes  from  the  United  States. 
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RUSSIA. 
PBODUCnON. 

Fruit  is  cultivated  extensively  throughout  the  Russian  Empire, 

but  no  official  estimates  of  production  are  available,  except  for 

grapes.  Statistics  of  the  vintage  of  1910  are  shown  in  the  following 
table: 

Table  10. — Area  of  vineyards  and  production  of  grapes  and  must  in  Russia  in  1910. 


District. 

Area. 

Production 
of  grapes. 

Produo- 
Uonof 
must. 

T?nr<M>ean  Riisfdft 

Acres. 
303,183 

63,264 
229,168 

80,468 

Pounds. 
426,106,761 
258,87^,218 
488,700,077 
84.153,658 

OaiUms. 
21,348,085 
14,597,857 
22,880,487 
175,885 

Noftfiflm  f^ftnnwift.. 

'TnwMCfmcasIa      . .     . 

Tarkestan 

Total 

666,083 

1,257,837,714 

59,002,314 

The  home  market  for  fresh  apples,  pears,  peaches,  cherries,  plums, 
and  apricots  is  supplied  practically  entirely  by  Russian  fruit  growers, 
oranges  and  lemons  being  the  only  fruits  imported  in  lai^e  quantities. 
These  latter  fruits,  together  with  olives,  are  grown  in  the  Caucasus, 
especially  near  the  Black  Sea,  but  not  in  sufficient  quantity  to 
supply  domestic  needs. 

IMPORTa 

The  value  of  fruits  imported  into  Russia  during  the  five  years 
1909-1913  averaged  $10,952,000  annually.  Fresh  fruits  contributed 
49.7  per  cent  of  this  value,  dried  fruits  46.6  per  cent,  and  prepared  or 
preserved  fruits  3.7  per  cent.  In  addition,  annual  imports  of  wine 
averaged  $6,146,000  and  of  olive  oil  $1,459,000. 

The  principal  fruits  imported  into  Russia  during  the  period  named 
were  the  following:  Raisins,  69,857,000  pounds  annually,  valued  at 
$2,977,000;  oranges,  117,826,000  pounds,  valued  at  $2,345,000;  and 
lemons,  92,913,000  pounds,  valued  at  $1,609,000.  Of  the  remaining 
fruits  imported  the  more  important  and  their  average  annual  value 
were  prunes,  $477,000;  fresh  apples,  pears,  peaches,  cherries,  plums, 
and  apricots,  $439,000;  dried  figs,  $379,000;  olives,  $336,000;  dates, 
$291,000;  grapes,  $234,000;  fresh  berries,  $28,000;  canned  berries 
and  other  fruits,  $20,000;  and  dried  ciurants,  $15,000. 

Raisins  and  dates  were  obtained  chiefly  from  Persia,  oranges  and 
lemons  from  Italy,  deciduous  tree  fruits  from  Japan  and  Germany, 
olive  oil  from  Germany,  and  wines  from  France  and  Germany. 

EXPORTa 

The  value  of  exports  of  fruits  from  Russia  during  the  five  years 
1909-1913    averaged   $1,260,000    annually.    Fresh    and   preserved 
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fruits  contributed  two-thirds  of  this  value,  and  dried  fruits  the 
remainder.  In  addition,  exports  of  wine  averaged  $86,000  annually. 
The  chief  fruits  exported  during  the  period  named  were  raisins, 
$547,000,  fresh  huckleberries,  $56,000,  and  dried  berries,  $21,000* 
Germany  was  the  principal  customer  for  all  of  these  fruits. 

SOUTHEASTERN  EUROPE. 
bulgaria. 

Area  and  Production. 

Orchard  fruits, — ^Tlie  area  under  orchard  fruits  in- Bulgaria  during 
the  three  years  1909-191 1  averaged  20,475  acres  annually,  2,271  acresof 
which  carried  trees  not  of  bearing  age.  The  production  of  orchard 
fruits  averaged  69,325,000  poimds  annually,  valued  at  $979,000* 
Plums  are  ciiltivatcd  more  extensively  than  any  other  orchard  fruity 
the  area  planted  with  pliun  trees  averaging  12,132  acres  annually, 
or  approximately  three-fifths  of  the  total  area  under  orchard  fruits. 
The  production  of  pliuns  averaged  39,687,000  pounds  annually, 
valued  at  $441,000.  The  only  other  orchard  fruit  for  which  statistics 
of  area  and  production  are  given  separately  is  the  apple,  to  which 
only  319  acres  were  devoted  in  1911. 

Vineyards, — Wine  grapes  in  Bulgaria  dining  the  tliree  years  1909— 

1911  were  cultivated  on  an  area  averaging  192,000  acres  annually,  of 

which  16,173  acres  were  planted  with  vines  not  of  bearing  age* 

There  was  a  marked  reduction  in  acreage  during  the  period  named, 

from  211,000  acres  in  1909  to  168,000  acres  in  1911.     The  production 

of   grapes    averaged    363,924,000    pounds    annually    and   of   must 

23,251,000  gallons. 

Imports. 

The  total  value  of  imports  of  fruits  dining  the  three  years  1909— 
1911  averaged  $883,000  annually,  declining  from  $1,506,000  in  1909 
to  $471,000  in  1911.  Fresh  fruits  contributed  50.8  per  cent  of  the 
total  value  of  fruit  imports,  and  dried,  prepared,  or  preserved  fruits 
49.2  per  cent.  In  addition,  imports  of  olive  oil  averaged  $451,000 
annually  and  of  wines  $28,000. 

The  principal  fruits  imported  and  their  average  annual  value  were 
ohves  $211,000,  citrus  fruits  $101,000,  dates  $69,000,  grapes  $63,000, 
figs  $52,000,  raisins  $31,000,  and  prunes  $27,000.  Turkey  supplied 
the  bulk  of  the  fruits  and  oUve  oil  and  France  most  of  the  wines. 

Exports. 

The  value  of  exports  of  fruits  from  Bulgaria  averaged  $33,000  an- 
nually. Dried,  prepared,  or  preserved  fruits  contributed  87.5  per 
cent  of  this  value  and  fresh  fruits  12.5  per  cent.     Nearly  all  of  the 
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dried  fruits,  chiefly  prunes,  were  exported  to  Austria-Himgary,  while 
Turkey  took  the  lai^r  part  of  the  fresh  fruits. 

GREECE. 

PEODUCnON. 

The  principal  fruits  cultivated  in  Greece  are  currant  grapes,  olives, 
and  figs,  and  of  these  the  most  important  is  the  currant  grape.  The 
currant  is  the  dried  product  of  a  small  European  grape,  and  prac- 
tically the  entire  world's  supply  is  grown  in  Greece.  The  word  "cur- 
rant" is  generally  beUeved  to  be  a  corruption  of  the  name  "Ciorinth," 
the  Greek  port  whence  early  shipments  of  this  fruit  first  reached 
western  Emx)pe.  From  reports  of  the  American  consul  at  Patras  it 
is  estimated  that  the  dried  currant  crop  of  Greece  during  the  five 
years  1909-1913  averaged  about  155,000  tons  annually,  ranging 
between  185,000  tons  in  1909  and  123,000  tons  in  the  year  following. 
The  crop  of  1914  is  estimated  at  158,000  tons  and  that  of  1915  at 
130,000  tons. 

EXPOBTS. 

Exports  of  domestic  fruits  from  Greece  diu'ing  the  five  years 
1909-1913  averaged  301,819,000  pounds  annually,  valued  at 
$9,759,000.  Dried  fruits  contributed  90.8  per  cent  of  this  value, 
prepared  or  preserved  fruits  7.8  per  cent,  and  fresh  fruits  1.4  per 
cent.  In  addition,  exports  of  wines  from  Greece  averaged  1 26,61 3,000 
poimds  annually,  valued  at  $2,656,000,  and  of  edible  olive  oil 
17,624,000  poimds,  valued  at  $1,677,000. 

The  principal  fruit  exported  from  Greece  is  the  dried  currant. 
During  the  five  years  1909-1913  exports  of  dried  currants  from 
Greece  averaged  233,238,000  pounds  annually,  valued  at  $7,521,000, 
or  77.1  per  cent  of  the  total  value  of  all  fruits  exported.  The  United 
Elingd'om  is  the  principal  customer  for  these  currants,  exports  to 
that  country  averaging  52  per  cent  of  the  total,  as  compared  with 
12.7  per  cent  to  America,  12.6  per  cent  to  the  Netherlands,  12.3  per 
cent  to  Germany,  and  5  per  cent  to  Austria-Hungary.  Of  the  other 
fruit  and  fruit  products  exported  during  this  period  the  more  impor- 
tant and  their  average  annual  value  were  figs  $1,007,000,  oUves 
$764,000,  raisms  $318,000,  citrus  fruits  $87,000,  grapes  $9,949,  olive 
oil  for  industrial  uses  $267,000,  and  must  $37,000. 

Imports. 

Imports  of  fruits  into  Greece  during  the  five  years  1909-1913  aver- 
aged 1,971,000  poimds  annually,  valued  at  $82,000.  Fresh  fruits 
contributed  52,9  per  cent  of  this  value,  dried  fruits  41.6  per  cent,  and 
prepared  or  preserved  fruits  5.5  per  cent.  In  addition  imports  of 
wine  during  this  period  averaged  $77,000  annually.  The  principal 
fruit  imported  into  Greece  is  dates. 
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CEETE. 

Exports. — ^Exports  of  fruit  from  the  Island  of  Crete  during  the  four 
years  1909-1912  averaged  27,784,000  pounds  annually,  valued  at 
$601,000.  Dried  or  preserved  fruits  contributed  62.8  per  cent  of  this 
value  and  fresh  fruits  37.2  per  cent.  In  addition,  the  average  annual 
value  of  olive  oil  and  wines  exported  was  $1,176,000  and  $203,000, 
respectively. 

Imports. — ^Imports  of  fruits  into  Crete  during  the  four  years  1909- 
1912  averaged  126,500  pounds  annually,  valued  at  $4,600.  The 
largest  single  item  was  dried  or  preserved  olives,  imported  principally 
from  Greece. 

ROUMANIA. 

Abea  and  Pbodugtion. 

Orchard  fruits. — ^The  prmcipal  orchard  fruit  grown  in  Boumania 
is  the  plum.  During  the  five  years  1909-1913  the  area  under  plum 
trees  averaged  180,000  acres  annually,  as  compared  with  193,000  and 
173,000  acres,  respectively,  in  1914  and  1915.  The  production  of 
plums  averaged  308,000,000  pounds  annually,  valued  at  $2,505,000, 
as  compared  with  365,000,000  poimds  in  1914,  valued  at  $3,305,000. 

Vineyards. — ^The  area  devoted  to  the  cultivation  of  the  vine  in 
Roimiania  during  the  five  years  1909-1913  averaged  216,000  acres 
annually.  American  vioes  resistant  to  attacks  of  the  phylloxera  are 
rapidly  replacmg  the  native  vines.  From  an  area  of  45,000  acres  in 
1909,  or  21  per  cent  of  the  total  area  m  vhieyards,  the  area  under 
American  vines  mcreased  to  97,(J00  acres  in  1913  and  to  113,000 
acres,  or  55  per  cent  of  the  total  area,  in  1914.  The  production  of 
wine  averaged  37,436,000  gallons  annually,  valued  at  $10,493,000, 
as  compared  with  17,453,000  gaUons  in  1914.  Of  the  total  produc- 
tion of  wine  in  1914,  74  per  cent  was  derived  from  grapes  grown  on 

American  vines. 

Imports. 

Imports  of  fruits  into  Roimiania  during  the  four  years  1909-1912 
averaged  48,052,000  poimds  annually,  valued  at  $1,183,000.  Pre- 
pared or  preserved  fruits  contributed  40.7  per  cent  of  this  value, 
fresh  fruits  36.6  per  cent,  and  dried  fruits  22.7  per  cent.  In  addi- 
tion, imports  of  olive  oil  averaged  7,333,000  pounds  annually,  valued 
at  $614,000,  and  of  wines  2,381,000  poimds  annually,  valued  at 
$360,000. 

The  principal  fruits  imported  during  the  four  years  1909-1912  and 
their  average  annual  value  were  olives  $446,000,  oranges  $157,000, 
raisins  $137,000,  lemons  $115,000,  figs  $61,000,  table  grapes  $50,000, 
mandarins  $30,000,  dried  apricots  $23,000,  and  dates  $22,000.  The 
citrus  fruits  were  obtained  chiefly  from  Italy  and  the  figs  from 
Greece.  The  bulk  of  the  remaining  fruits,  as  well  as  olive  oil,  was 
obtained  from  Turkey.    France  supplied  the  larger  part  of  the  wine. 
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Exports. 

Exports  of  fruits  from  Roumania  during  the  four  years  1909-1912 
averaged  1,665,000  pounds  annually,  valued  at  $37,000.  The  prin- 
cipal fruits  exported  and  their  average  annual  value  were  prunes 
$36,000,  plums  $15,000,  and  pears  $6,500. 

SERBIA. 

Area  and  production. — ^Plum  growing  is  the  principal  fruit  industry 
of  Serbia.  During  the  three  years  1904-1906  the  average  area  under 
plum  trees  was  367,000  acres  and  the  average  annual  production  of 
plums  987,000,000  pounds,  valued  at  $4,358,000. 

The  average  area  under  vines  was  83,000  acres  and  the  average 
annual  production  of  wine  11,776,000  gallons,  valued  at  $5,138,000. 

Of  fruits  other  than  plums  and  grapes,  such  as  apple?,  pears,  etc., 
the  production  averaged  229,000,000  pounds  annually,  valued  at 
$2,940,000. 

Exports. — ^There  was  exported  from  Serbia  in  1909  a  total  of 
63,000,000  pounds  of  fruit,  valued  at  $899,000,  as  compared  with 
106,000,000  pounds,  valued  at  $2,920,000,  in  the  year  following.  Of 
the  total  value  of  the  fruit  exported  during  these  two  years  64  per 
cent  was  derived  from  primes,  16.7  per  cent  from  plum  ma  -malade, 
7.5  per  cent  from  apples,  5.8  per  cent  from  pears,  and  5.3  per  cent  fiom 
plums.  Most  of  these  fruits  were  shipped  to  Austria-Hungary.  In 
addition,  wine  lo  the  value  of  $25,000  was  exported  from  Serbia  in 
1910. 

Imports. — ^Imports  of  fruits  into  Serbia  in  1909  amounted  to 
19,017,000  pounds,  valued  at  $258,000,  as  compared  with  28,098,000 
pounds,*  valued  at  $518,000,  in  1910.  The  principal  fruits  imported 
into  Serbia  in  1910  and  their  value  were  grapes  $470,000,  citrus  fruits 
$23,000,  and  figs  and  dates  $11,000.  In  addition,  imports  of  wine 
and  ohve  oil  in  1910  were  valued  at  $82,000  and  $48,000,  respectively. 

TURKEY. 

Production. — ^The  growing  of  fruit  for  export,  especially  in  Asiatic 
Turkey,  has  long  been  an  important  industry  of  the  Turkish  Empire. 
Raisins,  figs,  oranges,  dates,  and  olives  are  the  chief  fruits  cultivated. 

Exports, — ^EJxports  of  fruits  from  Turkey  during  the  fiscal  year 
beginning  March  4,  1910,  amounted  to  456,084,000  pounds,  valued  at 
$14,315,000,  and  in  1911  to  518,290,000  pounds,  valued  at  $17,664,000. 
Of  the  total  value  of  all  fruits  exported  in  these  two  years  dried  fruits 
contributed  79  per  cent,  fresh  fruits  17.4  per  cent,  and  prepared  or 
preserved  fruits  3.6  per  cent.  The  principal  fruits  exported  in  1911 
were  raisins  89,728,000  pounds,  valued  at  $8,423,000;  figs  62,422,000 
pounds,  valued  at  $2,676,000;  citrus  fruits  145,353jE)00  pounds,  val- 
ued at  $2,265,000;  dates  153,291,000  pounds,  valued  at  $2,256,000; 
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olives  24,972,000  pounds,  valued  at  $1,074,000;  and  dried  apricots 
1,049,000  poimds,  valued  at  $86,000.  There  were  also  exported  olive 
oil  and  wine  to  the  value  of  $2,356,000  and  $449,000,  respectively. 

The  United  Kingdom  was  the  best  customer  for  citrus  fruits,  figs, 
and  raisins;  Egypt  for  dried  apricots;  India  and  the  United  Elingdom 
for  dates;  Roumania  for  olives  and  olive  oil;  and  Germany  and 
France  for  wines. 

Imports. — Imports  of  fruits  into  Turkey  during  the  fiscal  year  ban- 
ning March  14,  1910,  amoimted  to  37,248,000  pounds,  valued  at 
$868,000,  as  compared  with  33,079,000  poimds  in  1911,  valued  at 
$910,000.  Of  the  total  value  of  all  fruits  imported  in  these  two  years 
51.8  per  cent  was  contributed  by  dried  fruits,  41.2  per  cent  by  fresh 
fruits,  and  7  per  cent  by  prepared  or  preserved  fruits.  The  principal 
fruits  imported  in  1911  and  their  value  were  citrus  fruits  $273,000; 
oHves,  $74,000;  raisins,  $62,000;  dates,  $37,000;  and  figs,  $16,000. 
There  were  also  imported  in  this  year  wines  to  the  value  of  $355,000 
and  olive  oil  to  the  value  of  $186,000. 

SPAIN  AND  PORTUGAL. 

SPAIN. 

Production. 


Statistics  of  the  production  of  grapes  and  olives  are  published 
annually  by  the  Spanish  Government.  With  regard  to  other  fruits, 
however,  the  latest  official  figures  relate  to  the  year  1910. 

Table  11. — Production  of  fruit  in  Spain  in  1910. 


Fruit. 


Apples 

Apricots 

Cherries,  sour. 
Cherries,  sweet 
Figs 


52,066 

8,466 

3,598 

5,770 

141, 198 

3,194,855 

6,363 

3,499,237 


Tons  of 

2,000 
poimds. 


169,029 

16, 79.) 

7,025 

11,450 

121,919 

2,283,357 

69,775 

688,517 


Fruit. 


Oranges 

Peaches 

Pears 

Plums 

Pomegranates 

Quinces 

All  others 


Acres. 


117,457 
13,017 
26,272 
12,387 
8,201 
3,833 
8,508 


Tons  of 

2,000 
pounds. 


876,047 
21,183 
70,553 
29,867 
23,036 
8,657 
26,590 


ipal  fruits  grown  in  Spain  are  the  following: 
The  area  of  the  vineyards  of  Spain  for  the  five  years 
v^eraged  3,158,000  acres  annually,  the  production  of  grapes 
ns,  and  the  production  of  must  393,000,000  gallons.  It 
that  90.8  per  cent  of  the  crops  of  these  years  was  sent  to 
•  per  cent  dried  for  raisins,  and  1.9  per  cent  exported  for 

ng  of  table  grapes  for  export  is  virtually  confined  to  the 

Almeria,  where  an  area  of  12,000  acres,  producing  an 

57,000  tons  annually,  is  devoted  to  this  industry.     The 
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Almeria  grape  is  packed  in  ground  cork  and  shipped  in  small  barrels 
containing  about  47  poimds  of  fruit.  It  is  noted  for  its  shipping 
qualities. 

Statistics  of  grapes  for  a  series  of  years  are  shown  in  the  following 
table: 

Table  12. — Production  of  grapes  and  rrmst  in  Spain, 


Year. 

Area. 

Production 
of  grapes. 

Grapes 
pressed 
for  wine. 

Production 
of  must. 

1909 

Acres. 
3,204,506 
3,194,855 
3,187,533 
3,112,573 
3,089,145 
3,066,820 
3,080,163 

W 

3 
7 
2 
2 
4 
1 
5 

Ti 

H) 

Gallons. 
388,758,040 
298,074,450 
389,572,846 
434,957,226 
451,868,148 
427,108,471 
232,204,902 

1910 

1911 

1912 

1913 

1914 

1915 

] 

Olvoes. — ^Dming  the  five  years  1909-1913  the  area  of  the  olive  groves 
of  Spain  averaged  3,626,000  acres  annually,  the  production  of  olives 
1,341,000  tons,  and  the  production  of  oUve  oil  242,000  tons.  Of  the 
total  production  of  olives  in  the  five  years  named,  95.7  per  cent  was 
pressed  for  oil.  Light  and  heavy  crops  alternate  as  a  rule.  Although 
the  cultivation  of  olives  is  general  throughout  Spain,  more  than  one-  • 
half  the  crop  is  produced  in  the  Provinces  of  Lerida,  Jaen,  Seville, 
and  Cordoba.  Seville  is  the  center  of  the  pickled-olive  industry. 
Statistics  of  olives  for  the  years  1909-1914  are  shown  in  the  following 
table: 

Table  13. — Production  of  olives  and  olive  oil  in  Spain. 


Year. 

Area. 

Production 
of  olives. 

Olives  used 

for  making 

oil. 

l*roduction 

of 
olive  oil. 

1909 

Acres. 
3,446,694 
3,499,237 
3,567,197 
3,577,123 
3,590,086 
3,618,841 

Tons  of  S  000 
pounds. 
1,641,339 

688.517 
2,446,573 

391,681 
1,638,982 
1,302,291 

Tons  of  S  000 
pounds. 
i;  468, 534 

667,002 
2,341,112 

383,170 
1,559,523 
1,259,280 

Tons  of  2,000 
pounds. 
264,301 
119,609 
464,931 
69,446 
292,575 
229,019 

1910 

1911 

1912 

1913 

1914 

Oranges. — ^The  orange  groves  of  Spain  covered  an  area  of  117,457 
acres  in  1910,  when  the  production  of  oranges  amoimted  to  876,000 
tons,  equivalent  to  27,376,000  boxes,  averaging  64  pounds  of  fruit  to 
the  box.  Six  Provinces  reported  92.8  per  cent  of  the  area,  namely, 
Valencia,  42.1  per  cent;  Castellon,  32.2  per  cent;  Tarragona,  6.9  per 
cent;  Murcia,  6  per  cent;  Seville,  3.5  per  cent;  and  Alicante,  3.1  per 
cent.  Three-fourths  of  the  area  under  orange  trees  is  situated  in  the 
Valencia  district,  which  comprises  a  narrow  strip  of  land  extending 
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for  150  miles  along  the  Mediterranean  coast  line  of  the  Provinces  of 
Valencia  and  Castellon.  The  average  yearly  production  of  oranges 
in  ttus  district  is  estimated  at  from  400,000  to  450,000  tons.  Nearly 
all  of  these  oranges  are  exported  by  sea  to  northern  Europe.  The 
Valencia  is  the  only  variety  grown  extensively  in  this  district,  though 
small  quantities  of  other  var'iedes  are  also  cultivated. 

Seville  is  noted  for  its  bitter  oranges.  Both  sweet  and  bitter 
oranges  are  grown  in  Seville,  but  the  bitter  is  the  more  important 
commercially.  The  1914  crop  of  this  district  was  estimated  at 
25,000,000  sweet  oranges  and  66,000,000  bitter,  as  compared  with 
30,000,000  sweet  and  70,000,000  bitter  in  1913.  Most  ol  the  bitter 
oranges  are  shipped  to  the  United  Kingdom,  where  they  are  prized 
for  their  superior  qualities  in  marmalade  manufacture. 

Lemons. — ^The  area  devoted  to  the  cultivation  of  lemons  in  1910 
amounted  to  6,363  acres,  which  gave  a  yield  of  69,775  tons,  or  the 
equivalent  of  1,861,000  boxes  averaging  75  pounds  of  fruit.  Four 
Provinces  reported  85  per  cent  of  the  total  area  imder  lemon  trees 
and  94  per  cent  of  the  lemon  production.  They  were  Murcia,  Valencia, 
Tarragona,  and  Malaga. 

Apples. — ^The  greater  part  of  the  apple  crop  of  1910  was  produced 
in  the  northern  rrovinccs  of  Spain.  Taking  as  a  basis  48  pounds  of 
apples  to  the  bushel,  the  crop  of  1910  was  equivalent  to  7,043,000 
bushels. 

Figs, — Of  a  total  production  of  122,000  tons  of  figs,  38.5  per  cent 
was  produced  in  the  Balearic  Islands  and  11.6  per  cent  in  the  rrovince 
of  Murcia. 

Exports. 

Exports  of  fruits  from  Spain  during  the  five  years  1909-1913  aver- 
aged 1,401,816,000  pounds  annually,  valued  at  $21,353,000.  Fresh 
fruits  contributed  80.4  per  cent  of  this  value,  dried  fruits  13.5  per 
cent,  and  prepared  or  preserved  fruits  6.1  per  cent.  In  1914  there 
were  exported  1,261  million  pounds  of  fruits,  valued  at  $18,879,000. 
In  addition  to  fruits  there  was  exported  during  the  five  years  1909- 
1913  an  annual  average  of  82,056,000  gallons  of  wine,  valued  at 
$19,932,000,  and  86,454,000  poimds  of  oUve  oil,  valued  at  $7;569,000. 
Wines  were  shipped  principally  to  France  and  oUve  oil  to  Italy  and 
Argentuia. 

The  chief  fruits  exported  from  Spain  during  the  five  years  named 
were  oranges,  tabic  grapes,  raisins,  and  oUves. 

Oranges, — ^Spain  ranks  first  in  the  exportation  of  oranges.  More 
than  one-half  of  the  total  value  of  all  fruits  exported  from  Spain  is 
derived  from  this  product  alone.  During  the  five  years  1909-1913 
exports  of  oranges  averaged  1,120  million  poxmds  annually,  valued 
at  $11,762,000,  the  quantities  exported  ranging  between  974  million 
pounds  in  1911  and  1,256  million  pounds  in  1913.  Chi  the  basis  of 
64  poxmds  of  fruit  to  a  box  the  average  yearly  exportation  of  oranges 
was  equivalent  to  17,494,000  boxes.  Shipments  of  oranges  to  me 
United  Kingdom  averaged  46.6  per  cent  of  the  total  quantity  ex- 
ported during  the  five  years  named,  as  compared  with  21.2  per  cent 
to  France  and  18.7  per  cent  to  Germany.  Li  1914  there  was  ex- 
ported a  total  of  l,054millionpounds  of  oranges,  valued  at  $11, 068,000, 

Grapes  for  table  use. — ^Exports  of  table  grapes  averaged  97,819,000 
pouncfs  annually,  valued  at  $2,997,000,  the  quantity  exported  fluc- 
tuating between  82  million  pounds  in  1912  and  122  million  pounds 
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in  1913.  The  principal  customers  for  these  grapes  were  the  United 
Kingdom  with  47  million  pounds  annually,  united  States  32  million 
pounds,  and  Germany  12  million  pounds.  Most  of  the  grapes  are 
shipped  from  the  port  of  Almeria.  In  1914  there  was  exported  a 
total  of  81,776,000  pounds,  valued  at  $2,506,000. 

Raisins. — ^Exports  of  raisins  averaged  52,851,000  pounds  annually, 
valued  at  $2,545,000,  as  compared  with  34  milUon  pounds  in  1914, 
valued  at  $1,615,000.  More  than  half  of  the  raisins  exported  went 
to  the  Unitea  Kingdom. 

Olives, — ^Exports  of  green  and  pickled  olives  from  Spain  averaged 
29,879,000  pounds  annually,  valued  at  $1,962,000.  More  than  three- 
fifths  of  these  olives  were  shipped  to  the  United  States.  The  next 
lai^est  customers  were  Argentma  and  Cuba. 

Oihpr fruits. — Of  the  other  fruits  exported  the  more  important  and 
their  average  annual  value  were  pressed  crapes  $492,000,  preserved 
fruits  $431,000,  fruit  pulp  $291,000,  dned  figs  $268,000,  lemons 
$192,000,  pomegranates  $102,000,  apples  $32,000,  and  peaches 
$23,000. 

Imports. 

Imports  of  fruits  into  Spain,  consisting  wholly  of  dried  fruits,  aver- 
aged 6,237,000  pounds  annually,  valued  at  $420,000,  during  the  five 
years  1909-1913,  as  comparea  with  9,054,000  pounds,  valued  at 
$603,000,  in  1914.  Figs  and  dates  were  the  principal  fruits  imported. 
In  addition,  imports  of  wines,  chiefly  from  France,  averaged  76,000 
gallons  annually,  valued  at  $242,000. 

PORTUGAL. 

Exports. 

The  value  of  exports  of  fruits  from  Portugal  during  the  five  years 
1909-1913  averaged  $1,003,000  annually.  Fresh  fruits  contributed 
74.1  per  cent  of  this  value,  prepared  or  preserved  fruits  21.4  per  cent, 
and  dried  fruits  4.5  per  cent.  In  addition,  exports  of  wines  averaged 
28,582,000  gallons  annually,  valued  at  $12,604,000,  and  of  oUve  oil 
754,000  gallons  annually,  valued  at  $681,000. 

The  principal  fruits  exported  during  the  five  years  named  and  their 
average  annual  value  were  pineapples  $383,000,  grapes  $238,000, 
figs  $196,000,  apples  $99,000,  olives  $40,000,  and  oranges  $4,000. 

The  United  Kingdom  was  the  chief  customer  for  apples,  grapes, 
oranges,  pineapples,  and  port  wine;  Belgimn  for  figs;  and  Brazil  for 
olives,  oUve  oil,  ana  common  red  wine. 

Imports. 

Imports  of  fruit  into  Portugal  during  the  five  years  1909-1913 
averaged  466,000  pounds  annually,  valued  at  $45,000.  Spain  sup- 
plied the  greater  part  of  these  fruits. 

UNITED  KINGDOM. 

AHEA. 

The  area  under  fruits  in  the  United  Kingdom  (excluding  the  Isle 
of  Man  and  the  Channel  Islands)  during  the  five  years  1909-1913  av- 
eraged 321,000  acres  annually,  as  compared  with  314,000  acres  in 
1914.  This  average  area  includes  29,000  acres  of  small  fruit  grown  in 
orchards.    Ninety-three  per  cent  of  the  fruit  acreage  was  in  England, 
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4.4  per  cent  in  Ireland,  and  2,6  per  cent  in  Scotland.  Apples,  pears, 
cherries,  and  plums  are  the  principal  orchard  fruits  grown,  ana 
strawberries,  raspberries,  currants,  and  gooseberries  the  principal 
small  fruits.  Statistics  of  production  are  not  collected.  The  five-year 
(1909-1913)  average  acreage  under  individual  fruits  was  as  follows: 
Apples  175,084,  pears  10,153,  cherries  11,842,  plums  17,441,  straw- 
berries 26,804,  raspberries  9,461,  and  currants  and  gooseberries  28,168. 

IMPORTa 

The  value  of  foreign  and  colonial  fruits  entering  the  ports  of  the 
United  Kingdom  diuing  the  five  years  1909-1913  averaged 
$69,827,000  annually,  raogmg  steadily  upward  from  $64,000,000  in 
the  first-named  year  to  $74,000,000  in  the  last  named.  Fresh  fruits 
contributed  65.1  per  cent  of  this  value,  dried  fruits  26.2  per  cent, 
and  preserved  frmts  8.7  per  cent.  In  addition,  the  annual  value  ol 
the  two  leading  fruit  products  imported,  wine  and  olive  oil,  averaged 
$19,973,000  and  $2,926,000,  respectively.  The  value  comprises  cost 
of  the  iruit  plus  iosurance  ana  freight  to  the  place  of  landing,  or, 
when  consigned  for  sale,  the  latest  sale  value.  The  weight  of  the 
fresh  fruit  imported  (excluding  bananas,  the  weight  of  which  is  not 
given)  averaged  1,368  milhon  poimds  annually,  as  compared  with 
313  million  pounds  of  dried  fruits  and  113  milhon  poxmds  of  prepared 
or  preserved  fruits.  The  principal  fruits  imported  during  the  five 
years  named  and  their  average  annual  quantity  and  value  were 
oranges  5,662,000  himdredweight  of  112  poimds  each,  valued  at 
$11,678,000;  fresh  apples  3,369,000  himdredweight,  valued  at 
$10,869,000;  bananas  6,713,000  bimches,  valued  at  $9,174,000; 
dried  currants  1,247,000  hundredweight,  valued  at  $7,622,000; 
raisins  721,000  hundredweight,  valued  at  $6,055,000;  canned  or 
bottled  fruits,  including  canned  pineapples,  715,000  himdredweight, 
valued  at  $4,787,000;  grapes  613,000  hundredweight,  valued  at 
$3,353,000;  pears  598,000  hundredweight,  valued  at  $2,701,000; 
lemons,  limes,  and  citrons  859,000  nundredweight,  valued  at 
$2,228,000;  fresh  plums  386,000  hundredweight,  valued  at  $1,992,000; 
prunes  and  other  dried  plums  187,000  hundredweight,  valued  at 
$1,724,000;  canned  pineapple  (1913  only)  270,000  hundredweight, 
valued  at  $1,578,000;  dates  429,000  hundredweight,  valued  at 
$1,466,000;  preserved  fruits  other  than  canned  or  bottled  296,000 
himdredweight,  valued  at  $1,322,000;  and  figs  and  fig  cake  179,000 
hundredweight,  valued  at  $1,155,000.  Other  important  fruits  im- 
ported and  their  average  annual  value  were  cherries  $793,000,  cur- 
rants $668,000,  apricots  and  peaches  $211,000,  strawberries  $163,000, 
andgoosoberries  $74,000. 

Ofthe  fruit  products  imported,  the  more  important,  next  to  wines 
and  ohve  oil,  and  their  average  annual  value,  were  lime  and  lemon 
juice,  $386,000;  grape  juice  or  must,  $53,000,  and  cider  and  perry, 
$37,000.  ^     "^ 

Oranges  and  grapes  were  obtained  chiefly  from  Spain;  apples  from 
Canada  and  the  United  States:  bananas  from  Colombia.  (5)sta  Rica, 
^^ji^^x^^^^^  Islands;  dried  currants  from  Greece;  dates,  raisins, 
and  figs  from  Asiatic  Turkey ;  canned  fruits  and  prunes  from  the  United 
States;  pears  from  Belgium  and  France;  plums,  cherries,  apricots, 
peaches,  currants,  strawberries,  and  wines  from  France;  lemons  from 
Italy;  and  edible  ohve  oil  from  Italy,  France,  and  Spam. 
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EXPORTS. 


Exports  of  domestic  fruits  from  the  United  Kingdom  are  limited  to 
prepared  or  preserved  fruits.  During  the  five  years  1909-1913, 
exports  of  this  class  of  products  averaged  $1,996,000  annually. 
Marmalades,  jams,  and  fruit  jellies  comprised  the  bulk  of  the  fruit 
exj)orted.  Canada  ranked  first  as  a  customer  for  these  products, 
United  States  second,  and  British  India  third. 


REEXPORTS. 


Reexports  of  fruits  from  the  United  Kingdom  during  the  five  years 
1909-1913  averaged  $4,615,000  annually.  Fresh  fruits  contributed 
66.7  per  cent  of  iSm  value,  dried  fruits  23.5  per  cent,  and  prepared  or 
preserved  fruits  9.8  per  cent.  In  addition,  reexports  of  olive  oil 
averaged  $390,000  annually,  and  of  wines  $2,348,000. 

The  principal  fruits  reexported  and  their  average  annual  value  were 
bananas,  $1,005,000,  apples  $689,000,  grapes  $625,000,  dates  $568,000, 
oranges  $495,000,  raisins  $187,000,  and  dried  currants  $132,000. 

ASIA. 

JAPAN. 
PRODUCTION. 

The  principal  fruit  grown  in  Japan  is  the  orange.  During  the  five- 
year  period,  1909-1913,  the  total  number  of  orange  trees  in  Japan 
averaged  20,310,000  annually,  and  the  production  of  oranges 
601,000,000  pounds. 

Table  14. — Number  of  fruit  trees  and  production  of  fruit  in  Japan, 


Kind  of  fruit. 


Five-year  average, 
190»-1913. 


Trees. 


Production. 


1914 


Trees. 


Production. 


Apples 

Cherries. 

Pigs 

Orapes 

Loquats. 

Oiaiaees: 

lOkan. 

Navel 

NatsumDcan. 

other 

Peaches 

Pears. 

Peraimnicnis: 

Green 

Dried 

Phnns. 

Qoinoes 


Number. 

2,640,028 

104,370 

253,140 

12,308,104 

1,066,122 

13,007,348 
1,026,630 
3,271,000 
3,004,621 
6,327,817 
6,050,104 

1^  9,760,240 

4,508,537 
82,724 


Pounds. 

78,915,023 
1,792,000 
6,104,187 

28,756,922 

20,009,002 

320,386,159 
11,522,538 

100,241,558 
60,213,960 
82,988,064 

157,080,702 

365,071,466 

41,514,316 

«  2,468,887 

1,468,286 


Number. 

3,257,934 

157,563 

325,637 

12,800,465 

1,205,103 

15,806,982 
1,495,100 
3,674,582 
3,361,692 
7,119,265 
8,046,157 

^10,569,724 

4,489,266 
92,318 


Pounds. 
78,847,406 
2,560,102 
7,107,431 
32,696,179 
20,967,068 

330,128,880 
17,160,658 

106,073,047 
68,141,831 
86,502,950 

167,125,710 

321,600,762 

30,650,701 

s  2,231,930 

1,551,227 


1  Vines. 


t  Bushels. 


EXPORTS. 


The  chief  fruits  exported  during  the  five  years  1909-1913  were 
mandarins  and  apples.  Shipments  of  mandarins  averaged  24,729,000 
poimds  annually,  valued  at  $460,000,  and  those  of  apples  8,485,000 
pounds,  valued  at  $243,000  Four-fifths  of  the  apples  and  a  large 
part  of  the  mandarins  were  exported  to  Asiatic  Russia. 
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IMPOSTS. 


Imports  of  fruits  into  Japan  are  not  classified  separatdy  in  trade 
statistics,  but  are  included  with  nuts  and  vegetables,  wine  is  the 
principal  fruit  product  imported.  During  the  five  years  1909-1913 
there  was  imported  an  annual  average  of  454,000  gallons  of  wine, 
valued  at  $267,000.    Spain  and  France  suppUed  three-fourths  of  the 


wme. 


PERSU. 

PRODUCTION. 


The  growing  of  fruit  for  export,  especially  in  its  dried  form,  is  an 
important  industry.  Among  the  iruits  cultivated  are  quinces, 
peaches,  apricots,  plums,  grapes,  dates,  and  oranges. 

EXPORTS. 

During  the  five  years  1909-1913  exports  of  fruits  from  Persia  aver- 
aged 121,000,000  pounds  annually,  valued  at  $7,025,000.  Fresh  and 
dried  fruits  contributed  99.9  per  cent  of  this  value.  The  most  im- 
portant fruit  exported  is  the  raisin.  During  the  five  years  1909-1913 
there  was  exported  an  annual  average  of  70.262,000  pounds  of  raisins, 
valued  at  $4,727,000,  the  quantity  exported  ranging  oetween  56,000.- 
000  pounds  in  1912  and  82,000.000  pounds  in  1910.  Russia  took 
nearly  all  of  these  raisins.  Of  tne  other  fruits  exported  during  this 
period  the  more  important  items  were  fresh  and  dried  fruits,  not 
specified,  $1,613,000;  dates  $616,000;  citrus  fruits  $62,000;  and 
preserved  fruits  $7,000. 

AFRICA. 

ALGERIA. 

PRODUCTION. 

Statistics  of  grapes  and  olives  are  more  complete  than  of  the  other 
fruits  in  Algeria.  The  area  under  vines  during  the  five  years  1909- 
1913  averaged  391,000  acres  annually^  and  the  production  of  wine 
212,000,000  gallons.  Ked  wine  comprised  88.1per  cent  of  the  total 
production,  and  white  wine  11.9  per  cent.  The  number  of  olive 
trees  averaged  13,081,000  annually  during  this  period,  the  produc- 
tion of  olives  599,000,000  pounds,  and  the  production  of  olive  oil 
8^421,000  gallons.  Data  concerning  other  fruits  cultivated  are 
given  in  the  following  table: 

Table  15. — Number  of  fruit  trees  in  Algeria, 


Kind  of  fruit  tree  or  plant. 


4-year  average, 
1909-1912. 


Total 
number. 


Number 
bearing. 


1912. 


Total 
number. 


Number 
bearing. 


Banana 

Cherry 

Citrus: 

Lemon  and  oedrate 

Mandarin 

Orange 

Date 

Fig 

Medlar 

Pomegranate 


52,286 
87,328 

175,322 
516, 406  , 
852,166 
3,863,550 
5,832,220 
68,278 
637,207  1 


34,624 
73,147 

150,  &48 
423,674 
720,822 
2,657,756 
4,860,036 
54,812 
550,818 


42,880 
100,787 

164,721 

530,373 

889,832 

4, 131, 753 

6,064,105 

78,080 

652,379 


31,303 
82,687 

141,605 
373,354 
783,341 
3,084,8» 
5,263,308 
58,062 
570,367 
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EXPORTS. 

The  principal  fruits  exported  from  Algeria  during  the  five  years 
1909-1913  and  their  average  annual  value,  were  lemons  and  oranges 
$172,000,  mandarins,  etc.,  $449,000,  grapes  $578,000,  dates  $613,000, 
and  figs  $646,000.  In  addition,  shipments  of  conmion  wines  in  casks 
during  this  period  averaged  185,422,000  gallons  annually,  valued  at 
$33,278,000,  and  of  olive  oil  11,918,000  pounds,  valued  at  $1,547,000. 
I^cticaUy  all  of  the  fruits  and  olive  oil  and  98.5  per  cent  of  the  wine 
were  shipped  to  France. 

IMPOBXa 

Preserved  fruits,  apples,  pears,  and  raisins  were  the  chief  fruits 
imported  into  Algeria,  and  wine  and  olive  oQ  the  chief  fruit  products. 

BRITISH  SOUTH  AFRICA. 

Exports. — ^The  value  of  fresh  fruits  exported  from  the  South  African 
Union  in  1914  was  $453,000.  The  chief  fruits  exported  and  their 
value  were  pears  $121,000,  grapes  $100,000,  oranges  $87,000,  plums 
$49,000,  peaches  $44,000,  pineapples  $12,000,  nectarines  $6,550, 
apples  $6,229,  bananas  $3,815,  and  apricots  $1,475. 

Imparts. — ^The  principal  fruits  imported  iu  1914  were  dried  currants 
and  raisins  $105,(X)0,  bottled  and  canned  fruits  $57,000,  dates  $46,000, 
dried  fruits  not  specified  $37,000,  and  figs  $13,000. 

TUNia 

A  wide  variety  of  fruits  is  cultivated  in  Tunis,  including  apples, 
peaches^  apricots,  nectarines,  pears,  plums,  cherries,  grapes,  lemons, 
mandanns,  oranges,  dates,  olives,  and  figs.  The  most  important  are 
the  olive  and  the  wine  grape.  In  1912  there  were  exported 32,793,000 
pounds  of  olive  oil,  valued  at  $3,966,000,  and  5,684,000  gallons  of 
wine,  valued  at  $1,101,000. 

OCEANU- 
AUSTRAUA. 

PRODUCTION. 

The  total  area  of  the  vinejrards  of  Australia  increased  from  59,450 
acres  in  1908-09  to  62,388  in  1912-13.  The  vine  is  cultivated  in  all 
the  States  of  the  Commonwealth  except  Tasmania,  where  the  cli- 
matic conditions  are  unfavorable.  Dunng  the  five  seasons  1908-09 
to  1912-13  there  was  produced  an  annual  average  of  5,413,000  gal- 
lons of  wine,  13,480  tons  of  table  grapes,  13,506,000  pounds  of 
raisins,  and  8,076,000  pounds  of  dried  currants.  South  Australia  led 
in  the  production  of  wine^  New  South  Wales  in  the  production  of 
table  grapes,  and  Victoria  m  the  production  of  raisins. 

The  total  area  of  the  orchards  and  fruit  gardens  of  Australia  in- 
creased from  171,558  acres  in  1908-09  to  205,174  acres  in  1912-13. 
There  were  increased  areas  ia  Tasmania  and  Western  Australia, 
mainly  due  to  extensive  plantings  of  apple  trees  with  a  view  to  the 
possibilities  of  Hie  London  market  for  iresh  fruit.  The  production 
of  ffuits  in  the  season  1912-13  was  as  follows:  Apples  4,693,000 
bushels,  valued  at  $5,289,000;  nectarines  and  peaches  924,000 
bushels,  valued  at  $1,296,000;  apricots  429,000  bushels;  valued  at 
$748,000;  pears    1,100,000    bushels,-  valued   at   $803,000;  bananas 
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1,139,000  bunches,  valued  at  $693,000;  pineapples  684,000  dozen, 
valued  at  $333,000;  oranges  1,402,000  bushels,  valued  at  $1,953,000; 
and  lemons  375,000  bushels,  valued  at  $430,000, 

EXPORTS. 

During  the  five  years  1909-1913  the  value  of  the  fruit  exported 
from  Australia  averaged  $2,157,000  annually.  Presh  fruits  con- 
tributed 83.4  per  cent  of  this  value,  preserved  fruits  11.1  per  cent, 
and  dried  frmts  5.5  per  cent.  In  addition,  there  were  exported 
1,078,000  gallons  of  domestic  wines  annuallv,  valued  at  $586,000. 

Apples  comprised  68.8  per  cent  of  the  total  value  of  the  fruits 
exported  during  the  five  years  named.  Exports  of  apples  averaged 
47,317,000  pounds  annually,  valued  at  $1,483,000.  Of  the  other 
fruits  exported,  the  more  important  and  their  average  annual  value 
were  citrus  fruits  $129,000,  preserved  fruits  $123,000,  raisins 
$66,000,  dried  currants  $19,000,  and  pineapples  $16,000.  Apples, 
raisins,  and  wines  were  shipped  jprincipally  to  the  United  Kingdom, 
preserved  fruits  to  the  South  African  Union,  and  the  other  fruits  to 
New  Zealand. 

IMPOBTS. 

The  value  of  the  fruits  imported  into  Australia  during  the  five  years 
1909-1913  averaged  $1,758,000  annually.  Fresh  fruits  contributed 
65.8  per  cent  of  this  value,  dried  fruits  26.2  per  cent,  and  prepared 
or  preserved  fruits  18  per  cent.  In  addition,  there  was  imported 
annually  wine,  chiefly  of  French  origin,  to  the  value  of  $749,000. 
The  principal  fruits  imported  and  their  average  annual  value  were 
bananas  $683,000,  dates  $201,000,  apples  $152,000,  citrus  fruits 
$141,000,  jams  and  jellies  $49,000,  and  raisins  $36,000.  The 
bananas  were  obtained  chiefly  from  the  Fiji  Islands,  dates  from  Ara- 
bia, apples  from  the  United  States  and  Canada,  and  citrus  fruits  from 
Italy. 

NEW  ZEALAND. 

The  area  planted  in  commercial  orchards  in  1915  was  45,000  acres, 
as  compared  with  29,000  acres  in  1908.  Most  of  the  fruit  produced  is 
consumed  at  home.  During  each  of  the  past  two  seasons,  however, 
between  60,000  and  70,000  cases  of  apples  have  been  shipped  to 
South  America. 

HAWAn. 

The  most  important  fruit  cultivated  is  the  pineapple,  especially 
since  1900,  when  the  pineapple  canning  industry  was  begun  in  HawaiL 
From  1,200  cases  in  1900  the  output  of  canned  pineapples  increased  to 
2,500,000  cases  in  1915.  The  value  of  the  pineapples  exported  during 
the  fiscal  year  ending  June  30, 1915,  was  $6,319,000,  as  compared  with 
$5,062,000  in  1914.  Most  of  this  product  is  shipped  to  me  United 
States.  The  banana  is  also  an  important  item  of  export.  During  the 
five  years  191 1-1915  shipments  ofbananas  from  Hawaii  to  the  United 
States  averaged  208,000  bunches  a  year,  valued  at  $129,000.  Ship- 
ments of  frmts  to  Hawaii  from  the  United  States  during  the  same 
period  averaged  $259,000  a  year,  the  chief  items  being  oranges,  apples, 
and  canned  fruits. 

•  o 
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INTRODUCTION. 

The  gipsy  moth  {Porthetria  dispar  L.)  was  first  liberated  in  this 
country  in  1868  or  1869,  and  20  years  later,  about  1888,  it  became  a 
rery  serious  pest  in  the  neighborhood  in  which  it  was  liberated. 
Since  then  it  has  continued  to  spread,  destroying  both  coniferous  and 
deciduous  foliage,  until  it  is  now  found  throughout  a  large  part  of 
eastern  New  England.  (See  map,  p.  16.)  It  is  particularly  obnox- 
ious because  it  feeds  heavily  on  the  foliage  of  so  great  a  variety  of 
trees  and  other  forms  of  vegetation.  Although  many  years  have 
been  spent  in  efforts  to  control  the  insect,  it  is  still  very  abundant 
and  in  need  of  constant  repression. 

Trees  may  be  classified  as  shade  trees,  fruit  trees,  and  forest  trees. 
Shade  and  fruit  trees  are  more  valuable,  more  accessible,  and  fewer 
in  numbers  than  forest  trees,  and  for  these  reasons  have  received 
much  more  attention  than  forest  trees  with  respect  to  protection 
against  gipsy-moth  attack.  Satisfactory  means  of  protecting  the 
first  two  classes  of  trees  have  been  developed,  but  they  are  too  expen- 
sive to  be  practicable  in  the  case  of  forest  trees.  The  problem  of 
combating  the  gipsfy  moth  in  forests  is  a  large  one,  and  its  solution 
will  occupy  many  years. 

Twenty  years  ago  gipsy-moth  caterpillars  were  reputed  to  be 
almost  omnivorous.     Studies  made  in  more  recent  times  by  the 
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Bureau  of  Entomology  have  developed  a  number  of  important  facts 
not  formerly  recognized.  Among  these  are  the  following:  (1)  The 
foliage  of  some  species  of  trees  is  more  acceptable  as  food  to  gipsy- 
moth  caterpillars  than  that  of  other  species.  (2)  Caterpillars  in  the 
first  stage  of  their  development  do  not  eat  the  foliage  of  conifers^ 
except  tamarack.  These  two  facts  apparently  open  up  a  considerable 
field  for  the  use  of  forest  management  in  the  control  of  the  insect 

Toward  the  end  of  the  year  1912  Mr.  W.  F.  Fiske,  of  the  Bureau 
of  Entomology,  called  attention  to  the  gipsy  moth  as  a  forest  insect 
and  suggested  the  possibility  of  control  by  forest  management^ 
In  January,  1913,  a  cooperative  agreement  was  entered  into  between 
the  Bureau  of  Entomology  and  the  Forest  Service,  providing  for  a 
full  investigation  of  this  matter.  This  investigation  is  now  under 
way.  It  is  based  on  the  belief  that  infestation  of  woods  can  be  re- 
duced and  possibly  controlled  by  eliminating  the  species  of  trees 
which  are  particularly  favored 'as  food  by  gipsy-moth  caterpillars 
and  replacing  such  species  with  others  which  are  less  favored. 

The  object  of  the  investigation  is  twofold.  It  is  desired  to  ascer- 
tain in  the  first  place  in  what  proportions  trees  of  different  species 
can  be  associated  to  form  stands  which  will  not  be  subject  to  gipsy- 
moth  ravages,  and  in  the  second  place,  the  best  method  of  converting 
existing  stands  into  others  better  able  to  resist  attack. 

The  plan  for  the  work  of  this  investigation  provides  for  the  estab- 
lishment of  sample  plots  in  different  kinds  of  typical  forest  stands  in 
the  infested  region.  Stands  varying  in  composition,  quality,  age,  cli- 
matic situation,  and  degree  of  gipsy-moth  infestation  are  to  be  sub- 
jected to  different  forms  of  management  with  a  view  to  determine 
what  forms  produce  the  ^fest  stands  and  the  best  methods  of  es- 
tablishing the  most  favorable  conditions.  During  the  past  three 
years  46  sample  plots  have  been  established,  and  much  of  the  pre- 
scribed work  has  been  done  on  them.  Several  years  must  elapse 
before  conclusions  can  be  drawn  from  these  experiments. 

In  the  course  of  carrying  out  the  work  just  referred  to  a  number  of 
facts  have  been  observed,  and  it  is  believed  that  a  presentation  of 
these  facts  may  be  of  interest. 

BEHAVIOR  OF  THE  GIPSY  MOTH  IN  THE  WOODS. 

The  gipsy  moth  may  be  introduced  into  iorests  by  the  wind,'  by 
caterpillars  crawling  from  adjacent  infested  areas,  or  by  transporta- 
tion by  man  or  animals.'    The  caterpillars  begin  feeding  as  soon  as 

^FlBke,  W.  p.  The  Olpsy  Moth  as  a  Forest  Insect,  U.  S.  Dept.  Agr.  Bur.  Bnt.  Clrc. 
164.     20  p.     1918. 

>  Collins,  C.  W.  Dispersion  of  Gipsy  Moth  Larvse  by  the  Wind,  U.  S.  Dept.  Agr.  BnL 
273.    23  p.,  6  pi.,  1  map.     1915. 

•  Burgess,  A.  F.  The  Dispersion  of  the  Gipsy  Moth,  U.  S.  Dept.  Agr.  Bur.  Bnt.  Bui.  110. 
62  p.,  6  fig.,  16  pi.,  map.    1918. 
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the  new  foliage  appears  in  the  spring  and  stop  before  the  Yniddle  of 
July.  A  gipsy-moth  colony  may  exist  for  several  years  in  a  wood 
without  doing  sufficient  damage  to  attract  any  attention.  The  mem- 
bers of  such  a  colony  multiply  in  numbers  continuously  and  spread 
over  more  and  more  territory  until  ultimately  a  point  is  reached 
where  the  caterpillars  suddenly  become  so  abundant  that  they  de- 
foliate large  numbers  of  trees,  frequently  over  wide  areas. 

Following  a  gipsy-moth  defoliation  over  a  considerable  area,  the 
intensity  of  an  infestation  generally  diminishes.  This  is  due  largely 
to  the  following  causes:  (1)  Caterpillars  die  of  starvation  or  migrate 
on  account  of  the  exhaustion  of  their  food  supply.  (2)  An  epidemic 
of  the  wilt  disease  destroys  large  numbers  of  the  insects.  (3)  Natural 
enemies,  particularly  parasites  and  predacious  beetles,  reduce  the 
infestation. 

Woods  which  have  suffered  a  heavy  gipsy-moth  attack  are  thus 
usually  provided  with  some  opportunity  to  recover.  A  few  cater- 
pillars survive  in  such  cases,  and  in  the  course  of  a  few  years  (three 
to  five)  defoliation  again  occurs.  There  is  usually  very  heavy  feed- 
ing following  a  season  of  defoliation  if  it  happens,  as  it  may  occa- 
sionally, that  an  infestation  is  of  such  an  extent  that  the  amount  of 
foliage  available  is  just  sufficient  to  carry  the  caterpillars  to  the 
pupation  stage. 

An  infestation  once  established  in  a  wood  will  probably  remain 
as  long  as  the  food  supply  lasts,  but  the  degree  of  infestation  will 
vary  from  time  to  time. 

The  development  and  extent  of  gipsy-moth  infestations  are  influ- 
enced to  a  large  degree  by  meteorological  conditions,  insect  enemies, 
and  the  wilt  disease.  Owing  to  the  uncertainty  with  which  these 
factors  act,  it  is  impossible  to  make  a  definite  prediction  as  to  the 
exact  outcome  of  any  infestation. 

Feeding  occurs  in  varying  degrees  over  all  the  infested  region, 
the  extent  in  any  locality  depending  on  the  stage  of  the  infestation 
and  the  character  of  the  food.  After  defoliation  most  trees  imme- 
diately put  forth  new  foliage,  and  in  a  few  weeks  there  is  usually 
but  little  external  evidence  of  damage.  In  such  cases  the  injury 
amounts  only  to  a  temporary  retardation  of  development,  and  from 
this  the  trees  attacked  usually  recover.  Trees  previously  weakened 
through  the  action  of  decay,  fire,  or  poor  growing  conditions  may 
not  survive  one  defoliation,  but  mortality  through  this  cause  is  low. 

Gipsy-moth  feeding  does  not  cease  imtil  after  most  of  the  early 
summer  rains  have  fallen,  so  that  defoliated  trees  in  their  weakened 
condition  encounter  more  or  less  unfavorable  conditions  for  their 
recovery.  An  unusually  dry  summer  may  influence  recovery  very 
adversely.     Defoliation  by  gipsy-moth  caterpillars  usually  occiu^ 
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when  the  larvae  are  in  the  very  last  stages,  but  occasionally  defolia- 
tion is  effected  by  caterpillars  in  earlier  stages,  in  which  case  the 
defoliated  trees  have  a  better  chance  to  recover,  because  there  re- 
mains a  longer  period  than  usual  in  which  they  may  grow  and 
recuperate. 

Repeated  defoliation  from  year  to  year  will  ultimately  kill  any 
tree  or  render  it  susceptible  to  the  attacks  of  bark  borers,  which 
produce  the  same  result.  In  the  gipsy-moth  region  repeated  annual 
defoliation  may  result  from  the  combined  activities  of  the  gipsy 
moth,  brown-tail  moth  (Euproctis  chryaorrhoea  L.),  forest  tent  cater- 
pillar {Malacosoma  disstria  Hiibn.),  and  several  other  common 
species.  Thus,  at  times  when  gipsy  moths  are  not  abundant,  trees 
previously  stripped  of  foliage  by  them  would  doubtless  often  recover 
were  it  not  for  the  activities  of  other  defoliators.  Brown-tail  moth 
larvBB  cease  feeding  ^ot  later  than  the  middle  of  June,  so  that  de- 
foliated trees  have  the  advantage  of  a  part  of  the  spring  precipi- 
tation, and  more  time  to  recuperate  before  the  end  of  the  growing 
season. 

Oaks  have  suffered  the  highest  mortality  among  defoliated  forest 
trees,  probably  because  of  the  action  of  the  two-lined  chestnut  borer 
(Agrilua  hilineatus  Weber),  whose  work  is  usually  present  beneath 
the  bark  of  all  dead  specimens.  Many  defoliated  oaks  which  have  died 
would  doubtless  have  recovered  had  it  not  been  for  the  additional 
injury  produced  by  this  borer.  Oaks,  more  than  any  other  species, 
are  found  growing  in  unfavorable  situations  in  the  infested  region, 
which,  together  with  the  fact  that  the  infested  region  includes  the 
northern  limit  of  the  range  of  the  white  oak,  is  responsible  for  many 
oaks  of  poor  physical  condition.  Trees  in  poor  condition  are  par- 
ticularly liable  to  serious  damage  by  defoliation,  especially  in  con- 
nection with  attack  by  the  two-lined  chestnut  borer,  which  infests 
only  weakened  trees.  The  removal  of  dying  oaks  would  not  only 
help  to  reduce  a  gipsy-moth  infestation,  but  would  reduce  the  num- 
bers of  Agrilus  and  create  room  for  species  of  trees  for  which  the 
situation  is  more  favorable. 

COMPOSITION   AND    CONDITION    OF   WOODS   IN   INFESTED 

TERRITORY. 

At  present  the  gipsy-moth  infestation  is  largely  confined  to  what 
Haw  ley  and  Hawes^  have  designated  the  White-pine  Region.  The 
northern  part  of  the  infested  region  in  Maine  and  New  Hampshire 
extends  a  little  into  the  "Northern  Hardwoods  Region,"  and  the 

^  Hawley,  R.  C,  and  Hawes,  A«  F.,  Forestry  in  New  Ehigland ;  a  Handbook  of  Bastem 
Forest  Management    New  York,  1912.    479  p.     (P.  196.) 
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infested  portions  of  Rhode  Island  and  Connecticut  lie  in  the  "  Sprout 
Hardwoods  Region." 

The  White-Pine  Region  is  broadly  characterized  by  stands  of  (1) 
pure  white  pine,  (2)  mixed  white  pine  and  hardwoods,  and  (3)  mixed 
hardwoods.  The  predominating  hardwoods  in  this  region  are  the 
oaks.  Other  hardwoods  are  birches,  beech,  maples,  hickories,  ashes, 
poplars,  and  chestnut.  Pitch  pine  occurs  in  purie  stands  over  certain 
small  portions. 

The  Northern  Hardwoods  Region  is  characterized  by  stands  of 
maples,  beech,  and  birches.  The  sugar  maple,  beech,  and  yellow 
birch  are  particularly  characteristic.  Spruce,  white  pine,  and  hem- 
lock also  occur  in  the  region,  together  with  red  oak,  white  ash, 
black  ash,  black  cherry,  paper  birch,  and  basswood. 

The  Sprout  Hardwoods  Region  is  characterized  by  stands  of 
chestnut,  either  pure  or  in  mixture  with  several  species  of  oak. 
Other  hardwoods  occurring  in  this  region  are  maples,  ashes,  birches, 
poplars,  tulip,  and  hickories. 

The  stands  in  all  three  of  the  regions  vary  greatly  in  composition 
and  are  frequently  very  complex.  This  is  largely  due  to  the  usual 
methods  of  lumbering  and  to  the  repeated  action  of  fire.  Stands 
have  been  repeatedly  culled  or  cut  clear  with  no  provision  for  re- 
production. This  system  and  repeated  fires  have  been  responsible 
in  many  cases  for  the  extensive  introduction  of  species  which  would 
otJierwise  be  absent  or  be  represented  by  only  a  few  individuals. 
.  A  large  amount  of  neglected  pasture  and  cultivated  land  in  New 
England  is  reverting  to  woods.  The  trees  which  generally  spring 
up  on  such  lands  are  white  pine,  gray  birch,  red  cedar,  poplar,  pin 
cherry,  and,  in  places,  red  maple.  The  stands  thus  derived  are  usu- 
ally very  open  for  a  long  period  of  time,  and  the  quality,  aside  from 
the  composition,  is  therefore  poor. 

Large  blocks  of  woodland  under  single  ownership  are  rather 
scarce,  and  the  woods  for  the  most  part  occur  on  more  or  less  isolated 
small  lots  belonging  to  many  different  owners.  Owing  to  this  fact 
and  to  the  great  diversity  in  the  composition  of  woods,  even  on  small 
areas,  it  is  impossible  to  classify  the  stands  of  timber  growing  in 
the  infested  region  except  in  a  very  general  way. 

The  complexity  and  variable  composition  of  the  woods  in  the 
region  infested  by  the  gipsy  moth  are  indicated  by  the  table  (p.  6). 
This  shows  the  composition  of  the  stands  on  some  of  the  areas  used 
for  experimental  work,  and  the  trees  are  only  the  living  ones  which 
are  two  and  a  half  inches  in  diameter  and  over  at  breast  height. 
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Complexity  and  variable  composition  of  woods  in  the  area  infested  by  the 

gipsy  moth. 


1  acre  In  Dover,  Mass.    ICized 
bardwoods. 


5.4  acres  in  Wareham,  Mass. 
Mixed  hardwoods— Con. 


8.4  acres  in  North  Berwick,  Me. 
Northern  haidwooda. 


Species: 

Red  oak 

White  oak 

Black  oak 

White  pine 

Red  maple 

Gray  birch 

Pignut  hickory. 
White  ash 


Species— Continued. 

Gray  birch 

Black  gum 


PereenL 


100 


1.3  acres  in  Medfleld,  Mass. 
Mixed  hardwoods. 


100 


2(  acres  in  Exeter,  N.H.    Mixed 
hardwoods. 


Species: 

Redoak 

White  oak 

Black  oak 

Red  maple 

Wl^iteplne 

Gray  birch 

Pignut  hickory.. 

Black  birch 

Beech 

Pitch  pine 

YeUow  birch.... 

Aspen. 

Black  cherry., . . 
Elm  (American) 
Apple 


Per  cent 
31 

30 
X 
7 

4 


Chestnut... 
Redoak... 
White  oak. 
White  pine 
Black  oak. . 
Red  maple. 


Perctnt, 
52 
21 
10 
9 
7 
1 


Species: 

Beech. 

Hop  hornbeam.. . 

Sumr  maple 

Red  maple 

Black  birdi 

Hemlock. 

Yellow  birch 

Redoak 

Paper  bird! 

White  ash 

Big-tooth  poplar.. 

Basswood 

American  elm 

Black  ash 


4S 

16 
14 

ft 

4 
4 
S 
2 

2 
1 


l\ 


lOO 


100 


4.2  acres  in  Amesbury,  Moss. 
White  pine  and  mixed  hard- 
woods (old-field  grovrth). 


U  acres  in  Westbrook.  Me- 
White  pine  and  mixed  hanl- 
woods. 


100 


5.4  acres  in  Wareham,  Mass. 
Mixed  hardwoods. 


Species: 

Scarlet  oak. 
White  oak. 
White  pine. 
Black  oak.. 
Pitch  pine. 
Red  oak. . . 
Red  maple. 


Percent. 
54 
21 
15 


V> 


Species: 

White  pine 

Gray  birch 

Black  oak. 

Red  maple 

Pitch  pnie 

White  oak 

Red  cedar 

White  ash 

Swamp  white  oak. 

Chestnut 

Redoak 

Black  birch 

Pignut  hickory 

Butternut 

Aspen 

Wild  rod  cherry... 

American  elm 

Hop  hornbeam 

Apple 


Percent. 
28 
21 
Id 
10 
8 
5 
5 
2 
1 


Species: 

White  pine 

RedoakTTr. 

Gray  birch 

Red  maple 

Hemlock 

Paper  birch 

Shagbark  hickory 

Balsam  fir 

White  ash 

Big-tooth  poplar. 

Choke  cherry 

Hop  hornbeam... 

Pitch  pine 

Chestnut 

Black  oak 

Sugar  maple 

Beech 


Pert 


21 
2D 
1ft 


100 


100 


1  Less  than  1  per  cent. 


The  physical  condition  of  the  trees  composing  the  woods  in  the 
infested  region  is  extremely  poor,  due  largely  to  the  action  of  re- 
peated fires  which  destroy  the  litter  and  decomposed  vegetable  mat- 
ter so  essential  to  successful  tree  growth.  Fire  is  also  responsible 
for  physical  injury  to  trees  and  the  admission  through  fire  wounds  of 
injurious  fungi  and  insect  borers.  A  very  high  percentage  of  the 
deciduous  trees  in  the  infested  region  is  of  sprout  origin.  The  stools 
from  which  these  have  sprung  are  ofte^  worn  out  and  more  or  less 
decayed,  and  from  such  impaired  stock  it  is  unreasonable  to  expect 
successful  tree  growth. 

Owing  to  poor  physical  condition,  small  size,  and  limited  propor- 
tion of  desirable  species,  the  woods  of  the  infested  region  are  of  rela- 
tively low  commercial  value.     Under  present  conditions  a  large 
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quantity  of  the  white  pine  is  suitable  only  for  box  boards,  and  a 
large  portion,  possibly  75  per  cent,  of  the  deciduous  growth  is  suit- 
able only  for  fuel. 

The  composition  and  physical  condition  of  woods  subject  to  gipsy- 
moth  infestation  have  a  very  important  bearing  on  the  extent  of  the 
damage  which  may  ensue  therefrom.  Coniferous  trees  grown  in 
pure  stands  are  immune  from  any  considerable  damage.  The  ashes 
are  seldom  attacked,  and  the  red  maple,  sugar  maple^  hickories,  and 
chestnut  are  not  seriously  affected.  The  proportions  of  such  species 
occurring  in  stands  have  considerable  influence  upon  the  degree  of 
damage  done.  Trees  weakened  by  drought,  fungi,  fire,  suppression, 
or  other  unfavorable  growing  conditions  can  offer  only  a  weak 
resistance  to  the  effects  of  defoliation  and  so  are  much  more  likely 
to  succumb  than  vigorous  trees. 

The  presence  of  dying  and  weakened  trees  in  a  wood  is  very  objec- 
tionable, inasmuch  as  such  trees  harbor  injurious  borers,  and  these 
multiply  rapidly  when  favorable  conditions  for  their  entrance  into 
other  trees  are  provided  by  defoliation. 

The  forests  of  the  infested  region  are  highly  valued  for  their  at- 
tractiveness and  the  protection  they  afford.  There  is  probably  no 
region  in  which  the  esthetic  features  of  woods  are  more  valued  than 
in  New  England,  and  there  are  niunerous  instances  where  they  are 
maintained  largely  out  of  consideration  for  their  appearance.  Woods 
thus  maintained  are  generally  of  better  quality  than  others,  but  there 
is  usually  a  chance  to  increase  the  commercial  value  of  many  such 
stands.    Such  improvement  would  not  impair  esthetic  values. 

It  is  quite  impossible  to  appraise  the  damage  inflicted  upon  owners 
of  woods  by  gipsy  moths.  The  woods  vary  so  much  in  composition 
and  quality,  and  individual  trees  suffer  in  such  varying  degree,  that 
there  is  no  available  basis  for  such  an  estimate.  The  esthetic  value 
which  an  owner  or  community  places  upon  woods  adds  to  the  diffi- 
culty of  such  an  appraisal.  Individuals  and  communities  have  fre- 
quently gone  to  large  expense  to  protect  inferior  stands  of  timber 
against  the  ravages  of  the  gipsy  moth,  and  in  such  cases  the  reduction 
of  infestations  is  of  greater  importance  than  the  conservation  of  the 
woods  alone,  since  adjoining  fruit  and  shade  trees  are  thereby  pro- 
tected. 

The  scarcity  and  corresponding  Values  of  forest  products  of  good 
quality  in  New  England  appear  to  justify  an  outlay  in  improvement 
measures.  Trees  capable  of  producing  only  material  of  low  value 
should  be  removed  and  replaced  by  more  valuable  species.  Defective 
and  dying  individuals  should  be  made  to  give  way  to  vigorous  trees. 
Trees  growing  on  sites  on  which  other  species  will  yield  greater  values 
should  be  replaced  by  such  species.    The  complexity  of  many  stands 
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should  be  greatly  reduced,  for  it  is  a  very  difficult  matter  to  grow 
together  successfully  a  large  variety  of  trees  varying  widely  in  their 
requirements. 

The  expense  necessary  to  bring  about  the  desirable  changes  would 
be  the  following:  (1)  The  sale  of  a  lower  grade,  and  hence  a  less 
profitable  product  than  would  be  available  under  present  methods. 
(2)  Added  expense  of  cutting,  owing  to  the  greater  cost  of  cutting 
scattered  trees  instead  of  cutting  clear.  (3)  Added  expense  of  cut- 
ting, owing  to  the  effort  which  i^ould  be  made  to  protect  young 
growth  of  desirable  species  already  started  on  the  ground.  (4)  The 
cost  of  planting  desirable  species  where  these  can  not  be  procured  by 
natural  seeding. 

FEEDING  HABITS  OF  GIPSY-MOTH  CATERPILLARS. 

.The  Bureau  of  Entomology  has  conducted  extensive  experiments  to 
ascertain  the  feeding  habits  of  the  gipsy  moth.  The  methods  used 
and  the  results  obtained  have  been  described  by  Mosher.^  The  results 
of  these  experiments  have  considerable  bearing  on  any  forest  manage- 
ment which  may  be  prescribed  in  an  effort  to  control  infestations  in 
woods. 

Mosher  has  classified  the  trees  and  shrubs  of  the  region  according 
to  susceptibility  to  gipsy-moth  attack.  This  classification  includes 
several  species  of  trees  which  are  not  indigenous  and  some  which 
occur  almost  exclusively  as  ornamental  trees.  Following  is  a  list  of 
only  the  indigenous  and  naturalized  forest  trees  of  the  region  as 
classified  by  Mosher.  The  nomenclature  used  here  is  that  which 
has  been  adopted  as  standard  by  the  Forest  Service.  It  varies 
slightly  from  that  used  in  Bulletin  No.  250. 

dais  I:  SpMles  thftt  are  faTorad  food  of  tho  tlpi7-Bioth  Urrm  in  all  thdr  afagia. 

Ash,  Monntain  i8orJ)U8  americana  Marsh.). 

Aspen  {Populus  tremuMdes  Michx.). 

Aspen,  Large-tooth  {Populus  grandidentata  Michx.). 

Balm  of  Gilead  (Populua  halsamifera  Linn.). 

Basswood  {TUia  americana  Linn.). 

Beech  (Fagus  atropurUcea  [Marsh.]  Sudw.). 

Birch,  Gray  {Betula  popuUfoUa  Marsh.). 

Birch,  Paper  (Betula  papyrifera  Marsh.). 

Birch,  River  {Betula  nigra  Linn.). 

Boxelder  (Acer  negundo  Linn.). 

Oal£,  Black  (Quercus  velutina  Lam.). 

Oak,  Bur  (Quercus  macrocarpa  Michx.). 

Oak,  Chestnut  (Quercus  prinns  Linn.). 

Oak,  Pin  (Quercus  palustris  Muench.). 

Oak,  Post  (Quercus  minor  [Marsh.]  Sargent). 


^MoBher,  P.  H.     Pood  Plants  of  the  Gipsy  Moth  in  America,  U.  S.  Dept.  A«r.   BoL 
2G0.     89  p.,  6  pL     1916. 
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Oak,  Red  {Quercus  rubra  Linn.). 

Oak,  Scarlet  (Quercus  coccinea  Muench.). 

Oak,  Scrub  (Quercus  pumUa  [Marshal  Siidw.). 

Oak,  Swamp  white  (Quercus  platanoides  [Lam.]  Sndw.). 

Oak,  White  (Quercus  alha  Linn.). 

Service  Berry  (Amelanchier  canadensis  [Linn.]  Medic). 

Sumac,  Dwarf  (Rhus  copallina  Linn.). 

Sumac,  Staghom  (Rhus  hirta  [Linn.]  Sudw.). 

Tamarack  (Larix  laricina  [Du  Roi]  Koch.). 

Willow,  Glaacous  (Saliit  discolor  Mnehl.). 

Witcli  Hazel  (Hamamelis  virginiana  IJnn.). 

CUm  II:  SpedM  Ifaat  art  Hrmd  food  for  glpsy^inoth  hanrm  after  tlio  earlier  larral  ■tagea. 
Chestnnt  (Castanea  dentata  [Marsh.]  Borkh.). 
Hemlock  (Tsuga  canadensis  [Linn.]  Carr.). 
Pine,  Pitch  (Pinus  rigida  Mill.). 
Pine,  Red  (Pinus  resinosa  Ait). 
Pine,  White  (Pinus  strohus  Linn.). 
Spmce,  Black  (Picea  mariana  [Mill.]  B.  S.  P.). 
Spmce,  Red  (Picea  ruhens  Sargent.). 
Spmce,  White  (Picea  canadensis  [Mill.]  B.  S.  P.). 

m:  Spedee  tluU  are  not  particvlaily  farored,  bat  apan  wfclcli  a  naall  praparttoa  of  Iha 
gipej-iBotii  larT»  aiaj  doTelop. 

Beech,  Blue  (Carpinus  caroliniana  Walt). 

Birch,  Black  (Betula  lenta  Linn.). 

Birch,  Yellow  (Betula  lutea  Michx.t). 

Cherry,  Black  (Prunus  serotina  Ehrh.). 

C?herry,  Ohoke  (Prunus  virginiana  Linn.). 

Cherry,  Wild  Red  (Prunus  pennsylvanica  LinnX). 

Cottonwood  (PoptUus  deltoides  Marsh.). 

Elm,  American  (Ulmus  americana  Linn.). 

Blm,  Slippery  (Ulmus  pubescens  Walt). 

Gam,  Black  (Nyssa  sylvaiica  Marsh.). 

Hickory,  Bittemnt  (Hicoria  minima  [Marsh.]  Britton). 

Hickory,  Mocker-nnt  (Hicoria  alha  [Linn.]  Britton). 

Hickory,  Pignut  (Hicoria  glabra  [Mill.]  Britton.). 

Hickory,  Shagbark  (Hicoria  ovata  [Mill.]  Britton). 

Hop  Hornbeam  (Ostrya  virginiana  [Mill.]  Koch.). 

Maple,  Red  (Acer  rubrum  Linn.). 

Maple,  Silver  (Acer  saccharinum  Linn.). 

Maple,  Sugar  (Acer  saccharum  Marsh.). 

Poplar,  Silver  (Populus  alba  Linn.). 

Sassafras  (Sassafras  sassafras  [linn.]  Karst). 

ClaM  IV:  Spodea  tluU  are  anfavored  food  far  gipay-»otfi  lar?». 
Arborvitffi  (Thuja  occidentalis  linn.). 
Ash,  Black  (Fraxinus  nigra  Marsh.). 
Ash,  Red  (Fraxinus  pennsylvanica  Marsh.). 
Ash,  White  (Fraxinus  americana  Linn,). 
Balsam  Fir  (Abies  balsamea  [Linn.]  Blill.). 
Butternut  (Juglans  cinerea  Linn.). 
Cedar,  Red  (Juniperus  virginiana  Linn.). 
Cedar,  White  (Chamaecyparis  thyoides  [Linn.]  B.  S.  P.). 
Dogwood,  Flowering  (Comus  florida  linn.). 
64360**— Bull.  484—17 2 
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Hackberry  {Celtis  occidentalis  Linn.). 
Holly,  American  (Flex  opaea  Ait). 
Laurel,  Mountain  (Kahnia  latifolia  Linn.). 
Locust,  Black  {Robinia  pseudacada  Linn.) 
Locust,  Honey  (Gleditaia  ttiacanthos  Linn.). 
Maple,  Mountain  {Acer  apicatum  Lam.). 
Maple,  Striped  (Acer  pennaylvanicum  Linn.). 
Mulberry,  Bed  (Morus  rubra  Linn.). 
Sheepberry  {Viburnum  lentago  Linn.). 
Sycamore  {Platanus  occidentalis  Linn.) 
Tulip  (Liriodendron  iuliplfera  Linn.). 
Walnut,  Black  {Juglans  nigra  Linn.). 

Shrubs  occur  frequently  as  undergrowth  in  the  woods  of  the  in- 
fested region  and  may  have  an  important  bearing  on  the  infestation 
of  the  trees  growing  above  or  around  them.  A  stand  of  such  species 
of  trees  as  are  not  fed  upon  imtil  the  larvee  reach  their  later  stages 
might  be  immune  from  damage  were  it  not  that  the  larvae  are  en- 
abled to  reach  these  later  stages  by  feeding  on  near-by  shrubs.  Most 
of  the  shrubs  which  grow  in  the  region  die  out  if  sufficiently  shaded, 
and  the  balance  occur  so  rarely  in  shade  or  are  eaten  to  such  a  slight 
degree  by  gipsy-moth  larvae  that  they  are  unimportant.  If  forests 
were  under  management  the  danger  of  woods  thus  being  infested 
would  be  eliminated,  because  in  a  properly  managed  forest  the  trees 
should  be  so  grown  that  they  produce  at  all  times  an  amount  of 
shade  sufficient  to  preclude  the  development  of  shrubs  in  any  numbers. 

Larvae  feeding  on  shrubs  which  are  favored  food  plants,  occurring 
in  open  land  adjacent  to  woods,  might  migrate  to  the  woods,  but 
would  not  penetrate  very  far  if  the  trees  of  the  stands  were  of  any 
but  those  of  Class  I. 

The  following  statement  appears  on  page  27  of  Bulletin  250: 
"  There  is  in  some  cases,  at  least,  considerable  variation  in  suscepti- 
bility of  different  trees  of  the  same  species."  This  should  be  con- 
sidered carefully  in  connection  with  any  form  of  management  which 
prescribes  the  removal  of  certain  trees  on  the  groimd  that  they  are 
liable  to  infestation. 

PRECAUTIONS  NEEDED. 

Natural  enemies  of  the  gipsy  moth,  in  particular  those  introduced 
from  abroad,  are  constantly  increasing  in  numbers,  and  their  influ- 
ence is  a  large  factor  in  the  control  of  the  moths  in  woods.  It  is  safe 
to  assume  that  this  increase  in  numbers  is  going  to  continue  and  that 
in  the  future  the  character  of  gipsy-moth  damage  to  woods  will 
thereby  be  greatly  modified. 

In  view  of  the  above,  and  of  the  fact  that  it  is  impossible  definitely 
to  predict  the  outcome  of  an  infestation  under  any  circumstances, 
it  is  unwise  to  attempt  to  eliminate  any  particular  species  out  of 
consideration  for  susceptibility  to  gipsy-moth  attack  alone.    There 
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is  sufficient  cause  for  removing  many  trees  on  the  ground  that  they 
are  mature,  dying,  defective,  unfavorably  situated,  or  interfering 
with  the  development  of  better  trees.  It  is  not  good  forest  policy  to 
remove  any  thrifty  young  tree  until  it  has  been  given  every  oppor- 
tunity to  yield  a  return  on  the  investment  which  it  represents.  To 
remove  such  yoimg  trees  would  be  similar  to  abandoning  a  crop  of 
young  potato  plants  because  of  the  appearance  of  the  potato  beetle. 

Sawmill  men  have  frequently  induced  owners  to  sell  standing  white 
pine  by  asserting  that  the  trees  were  doomed  to  destruction  by  the 
presence  of  the  gipsy  moth.  An  owner  believing  this  is  likely  to  be 
induced  to  sell  his  stumpage  at  whatever  price  the  sawmill  man  may 
choose  to  offer  him.  This  practice  has  resulted  in  the  cutting  of  im- 
mature trees  which  would  have  yielded  a  greater  profit  to  the  owner 
if  permitted  to  mature.  No  owner  who  is  unfamiliar  with  the  auction 
of  the  gipsy  moth  in  woods  should  permit  himself  to  he  influenced 
hy  a  timber  buyer  to  part  with  thrifty  trees  of  any  sort  on  the  ground 
that  the  trees  are  liahle  to  attack  hy  gipsy  moths.  The  advice  of 
JState  and  Federal  officers  who  are  familiar  with  the  prohlem  is  avail- 
€thle  to  any  owner  of  woods  in  the  region. 

The  poor  condition  of  woods,  combined  with  the  damaging  effect 
of  gipsy-moth  attack,  makes  improvement  and  protective  measures 
imperative.  Introduced  enemies  of  the  gipsy  moth  are  becoming  well 
established  and  are  doing  effective  work,  and  the  wilt  disease  pre- 
vails throughout  the  region.*  Still  the  woods  continue  to  be  defol- 
iated by  gipsy  moths,  and  further  protective  measures  are  in  demand. 

Any  plan  for  the  silvicultural  improvement  of  stands  of  trees 
should  provide  for  the  removal  of  dead,  dying,  mature,  and  defective 
trees,  trees  standing  in  unfavorable  situations,  and  trees  of  low  com- 
mercial value.  It  should  provide  for  the  replacement  of  these  re- 
moved trees  with  thrifty  trees  of  high  commercial  value  well  adapted 
to  their  environment.  It  should  also  provide  for  a  compact  stand  of 
trees  without  overcrowding.  Such  action  alone  would  constitute  a 
protective  measure  of  great  value,  but  if  it  could  be  extended  to  em- 
brace the  removal  of  trees  and  conditions  favorable  to  the  develop- 
ment of  the  gipsy  moth  and  the  replacement  of  these  by  trees  and 
conditions  unfavorable  to  the  gipsy  moth,  a  still  greater  degree  of 
protection  would  be  provided. 

APPLICATION  OF  FOOD-PLANT  DATA  TO  INDIVIDUAL  SPECIES. 

The  classification  of  trees  on  the  basis  of  the  extent  to  which  they 
are  fed  upon  by  gipsy  moths  (p.  8-10)  is  one  which  may  well  be 
used  in  the  production  of  stands  of  trees  which  shall  be  free  from 

>  Glaser,  R.  W.  Wilt  of  gipsy  moth  caterpillars.  In  U.  S.  Dept  Agr.  Jour.  Agr.  Res., 
▼.  4.  No.  2,  p.  101-128,  17  flg..  May  15,  1915.     (P.  102.) 
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gipsy-moth  damage.  A  detailed  consideration  of  the  classification  in 
this  light  is  iliteresting  and  may  prove  of  value  in  combining  pro- 
tective with  improvement  measures. 

Class  I  (p.  8)  is  composed  of  26  species  which  are  favored  food 
of  gipsy-moth  larvse.  Ten  of  these  species,  mountain  ash,  gray  birch, 
river  birch,  boxelder,  scrub  oak,  service  berry,  dwarf  sumac,  staghorn 
sumac,  glaucous  willow,  and  witch  hazel,  yield  products  of  low  com- 
mercial value  and  should  in  any  case  be  eliminated  from  mixed 
woods. 

Ten  of  the  species  in  this  class  are  oaks,  including  the  scrub  oak 
just  referred  to.  AU  oaks  require  the  best  of  forest  soils  to  develop 
well  and  profitably.  Oaks  growing  on  thin  soils,  rocky  ridges,  and 
very  sandy  soil  are  usually  not  very  vigorous  and  frequently  suffer 
severely  from  gipsy-moth  attack.  If  oaks  were  removed  from  the 
unfavorable  sites  on  which  they  very  often  occur  and  were  confined 
to  sites  best  adapted  to  their  requirements,  a  large  amount  of  gipsy- 
moth  food  would  be  eliminated,  a  better  quality  of  oak  would  be  pro- 
duced, and  there  would  be  available  a  considerable  acreage  of  forest 
land  better  suited  to  the  growth  of  other  valuable  trees. 

The  bur  oak,  chestnut  oak,  pin  oak,  post  oak,  and  swamp  white 
oak  are  generally  more  or  less  rare  and  of  restricted  local  occurrence 
in  the  infested  region.  On  account  of  their  scattered  distribution 
they  are  not  of  any  great  commercial  importance  here.  In  consider-r 
ation  of  their  susceptibility  to  moth  attack  and  capacity  for  main- 
taining infestations,  they  could  well  be  spared  from  most  stands  in 
which  they  occur. 

The  white  oak  reaches  the  northern  limit  of  its  range  in  the  in- 
fested region,  but  still  is  one  of  the  most  abundant  of  the  oaks.  This 
abundance  is  abnormal  and  is  due  to  the  sprouting  capacity  of  the 
species,  resistance  to  the  effect  of  fire,  and  current  methods  of  cutting. 
The  trees  grow  very  slowly  and  seem  to  be  particularly  favored  by 
both  gipsy  and  brown-tail  moths.  A  very  large  proportion  of  the 
existing  trees  of  this  species  could  be  removed  to  great  advantage. 

The  red  oak,  black  oak,  and  scarlet  oak  do  well  in  the  infested 
region,  and  it  is  hoped  that  the  experiments  now  under  way  will 
§how  that  there  may  be  conditions  under  which  they  may  be  safely 
grown. 

The  following  poplars  occur  in  Class  I ;  Aspen,  large-tooth  aspen, 
and  balm  of  Gilead.  These  species  all  demand  a  large  amount  of 
light  and  occur  only  where  it  can  be  procured.  As  a  result  they 
generally  occur  scattered  in  mixed  woods,  and  pure  where  they  can 
get  the  necessary  start.  They  grow  rapidly,  and  when  they  occur 
in  any  abundance  are  in  good  demand  for  excelsior  and  pulp  manu- 
facture. There  is  some  question  as  to  what  extent  they  should  be 
encouraged  in  view  of  their  susceptibility  to  gipsy-moth  attack. 
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Basswood  occurs  very  much  scattered  in  the  infested  region.  It 
grows  to  advantage  only  on  the  best  sites  and  should  be  eliminated 
from  all  others. 

Beech  occurs  most  abundantly  in  the  northern  portion  of  the 
region.  It  grows  slowly  and  is  liable  to  become  defective  before  ma- 
turity.   It  is  perhaps  the  least  liable  to  damage  of  any  Class  I  trees. 

Paper  birch  demands  a  great  deal  of  light  and  is  not  abundant  in 
mixed  stands.  Where  it  occurs  in  abundance  it  is  in  great  demand 
for  spool  and  novelty  wood.  Scattered  specimens  may  be  replaced 
with  species  which  are  less  liable  to  gipsy-moth  attack. 

Tamarack  is  nowhere  abundant  in  the  infested  region.  It  is  a 
tree  which  can  well  be  cut  out  when  found  outside  of  pure  stands. 
It  is  the  only  conifer  which  is  eaten  by  the  youngest  gipsy-moth 
larvae. 

Class  II  (p.  9)  is  composed  of  eight  species  of  trees  on  which 
gipsy-moth  caterpillars  in  their  earliest  stages  do  not  feed,  but  upon 
which  they  do  feed  in  their  later  stages.  Young  caterpillars  must 
have  food,  and  if  this  is  not  available  they  can  not  attain  the  point 
in  their  development  where  they  can  feed  on  the  trees  of  this  class. 
Hence  if  stands  of  these  trees  have  in  their  vicinity  no  plants  upon 
which  the  yoimg  caterpillars  can  feed,  the  stands  are  practically  im- 
mune from  attack.  Trees  of  this  class  can  therefore  be  safely  grown 
in  pure  stands,  in  mixture,  where  conditions  permit,  with  one 
another,  or  in  mixture  with  Class  IV  trees. 

Stands  composed  largely  of  one  or  more  of  the  species  of  this  class 
can  be  made  inunune  from  gipsy-moth  attack  by  removing  the  plants 
which  may  provide  young  larvae  with  food.  Since  most  of  the  spe- 
cies which  are  susceptible  to  gipsy-moth  attack  are  deciduous,  pro- 
vision in  this  case  will  have  to  be  made  for  the  suppression  of  the 
sprouts  which  follow  cutting. 

Trees  of  this  class  may  be  substituted  frequently  for  removed  trees 
of  species  susceptible  to  moth  attack.  The  white  pine  is  particularly 
important  in  this  respect,  owing  to  its  commercial  value,  rapidity  of 
growth,  and  adaptability  to  a  variety  of  sites.  The  red  pine,  while 
somewhat  slower  growing  and  of  slightly  less  value,  is  also  a  valu- 
able tree  and  deserves  particular  consideration  owing  to  its  immimity 
from  the  white-pine  blister  rust. 

Chestnut  is  the  only  deciduous  tree  of  this  class.  It  grows  well 
and  yields  a  valuable  product,  but  unfortunately  is  subject  to  attacks 
of  the  chestnut  blight.  In  the  light  of  existing  conditions  the  propa- 
gation of  this  species  can  not  be  advocated. 

Class  in  (p.  9)  is  composed  of  20  species  which  are  not  par- 
ticularly favored,  but  upon  which  a  small  proportion  of  gipsy-moth 
larvae  may  develop.  Stands  composed  of  any  trees  of  this  class  and 
containing  none  of  the  trees  of  Class  I  would  maintain  slight  infesta- 
tions and  would  rarely,  if  ever,  be  defoliated. 
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Blue  beech,  choke  cherry,  wild  red  cherry,  hop  hornbeam,  and 
sassafras  have  no  particular  commercial  value,  and  the  elimination 
of  these  species  from  stands  would  afford  some  degree  of  protection. 

Black  cherry  has  considerable  conunercial  value,  but  occurs  very 
scatteringly.  As  it  is  not  a  favored  food,  it  may  well  be  left  in  view 
of  its  value.  American  elm  and  slippery  elm  also  occur  as  scattered 
trees.  Their  value  is  less  than  black  cherry,  but  they  might  well 
be  left.  Cottonwood,  bittemut  hickory,  black  gum,  silver  maple, 
and  silver  poplar  if  found  might  well  be  eliminated  from  most 
stands.  Such  an  elimination  would  help  to  reduce  the  complexity 
of  stands  and  would  serve  as  a  protective  measure. 

The  remaining  species  of  this  class,  black  and  yellow  birch,  mocker- 
nut,  pignut  and  shagbark  hickories,  and  red  and  sugar  maple,  can 
be  grown  in  comparative  safety.  In  any  process  of  gradual  trans- 
formation these  species  should  be  retained  in  preference  to  the  trees 
of  Class  I. 

Class  IV  (p.  9)  is  composed  of  trees  on  which  the  gipsy  moth 
does  not  feed,  or  if  it  does,  the  amount  is  so  slight  as  to  be  entirely 
negligible.  Stands  composed  of  trees  of  this  class  alone,  or  combined 
with  the  trees  of  Class  II,  need  cause  no  anxiety  whatever  as  far 
as  gipsy-moth  attack  is  concerned.  Some  of  the  species  of  this 
class  are  of  rare  occurrence,  some  require  peculiar  conditions  for 
their  development,  and  some  have  little  or  no  commercial  value. 
Arborvita},  black  ash,  and  white  cedar  require  very  moist  dtuations 
and  usually  occur  in  or  near  swamps.  Butternut,  red  cedar,  locust, 
honey  locust,  and  sycamore  all  require  a  large  amount  of  light.  The 
red  ash,  hackberry,  American  holly,  red  mulberry,  tulip,  and  black 
walniit  are  of  rare  and  local  occurrence,  for  which  reason  they  can 
not  be  depended  upon  to  supply  any  large  commercial  demand. 
Flowering  dogwood,  mountain  laurel,  mountain  maple,  striped 
maple,  and  sheepberry  have  little  or  no  commercial  value  locally. 
The  white  ash  has  a  high  commercial  value,  but  should  be  confined 
to  the  best  forest  soils. 

In  general,  it  may  be  said  that  stands  containing  only  trees  of 
Classes  II,  III,  and  IV  will  suffer  but  slight  damage  from  gipsy- 
moth  attack.  The  number  of  Class  I  trees  would  be  tremendously 
reduced  if  the  worthless  species  were  replaced  by  suitable  trees  and 
the  remainder  were  confined  to  the  best  sites,  as  is  necessary  if  they 
are  to  be  grown  at  aU  profitably. 

Any  plan  for  the  removal  of  trees  must  provide  for  their  replace- 
ment with  more  desirable  ones.  All  trees  may  be  removed  in  one 
operation  and  replaced  in  another,  or  the  transformation  may  be 
gradual.  There  are  many  conditions  which  influence  the  methods 
to  be  employed,  and  these  vary  greatly  among  different  stands.  It 
is  hoped  that  the  experiments  now  in  operation  will  provide  a  basis 
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for  definite  recommendation  aa  to  the  best  methods  to  be  employed 
under  some  of  the  most  characteristic  conditions. 

Forest  management  requires  a  relatively  long  time  to  produce  re- 
sults and  necessitates  a  considerable  investment.  For  these  reasons 
a  definite  object  and  plan  of  action  are  essential  to  success.  In  a 
large  majority  of  cases  the  primary  object  is  to  produce  a  valuable 
crop  of  timber.  The  object  must  be  decided  by  the  owner,  but 
methods  to  be  employed  require  the  knowledge  of  a  forester,  since 
the  values  and  habits  of  different  species  of  trees  and  the  character 
of  soils  must  be  known  and  should  have  expert  consideration. 
OTHER  MEASURES  IN  NEED  OP  ATTENTION. 

There  is  a  need  of  a  wide  application  of  any  steps  adopted  to 
control  the  gipsy  moth  in  woods.  The  efforts  of  scattered  individual 
owners  may  be  offset  by  the  indifference  of  neighboring  owners  on 
whose  properties  the  moths  are  permitted  to  increase  without  in- 
terruption. On  account  of  the  greatly  divided  ownership  of  wood- 
land in  the  infested  region,  this  amounts  to  a  considerable  obstacle. 
There  is  great  need  of  impressing  upon  owners  the  necessity  of  con- 
certed action  in  the  improvement  and  protection  of  their  woods. 
How  this  can  be. accomplished  is  a  problem  to  which  immediate  atten- 
tion should  be  given. 

The  woods  of  New  England  have  reached  their  present  stage  of 
degeneracy  through  a  long  period  of  abuse  and  neglect,  and  it  will 
take  years  to  restore  them.  Owing  to  the  nature  of  the  ownership  of 
our  woods  and  present  economic  conditions  restorative  measures  must 
be  simple  and  practicable  for  all  owners.  More  good  will  be  accom- 
plished by  the  universal  adoption  of  simple  but  definite  improvement 
measures  than  by  the  sporadic  application  of  intensive  measures.  As 
soon  as  the  value  of  such  a  beginning  has  been  demonstrated  owners 
wiU  be  ready  enough  to  adopt  further  measures,  and  by  that  time 
these  will  be  better  justified  by  economic  conditions.  Improvements 
necessitate  the  investment  of  money,  and  the  value  of  such  improve- 
ments must  be  demonstrated  before  they  will  be  generally  adopted. 
One  of  the  greatest  needs  among  New  England  wood  owners  is  that 
they  may  be  impressed  individually  with  the  necessity  and  desirability 
of  starting  some  definite,  if  simple,  improvement  measures  at  once. 

The  difficulty  of  securing  concerted  action  upon  protective  meas- 
ures against  the  gipsy  moth  has  directed  attention  to  the  question  of 
town  forests,  one  which  is  now  being  agitated  to  some  extent  in 
New  England.  Town  forests  would  provide  areas  of  considerable  size 
upon  which  systematic  control  measures  could  be  put  into  operation 
with  assurance  of  a  fair  trial.  Such  conditions  would  be  most  favor- 
able to  the  solution  of  such  a  problem  as  the  one  imder  consideration. 
Furthermore,  town  forests  would  supply  other  benefits,  among  which 
the  following  may  be  mentioned:   (1)  Large  areas  of  waste  land 
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could  be  made  to  yield  an  income.  (2)  Conmiunities  would  be  pro- 
vided with  a  permanent  local  supply  of  wood  products,  the  use  of 
which  for  manufacturing  purposes  would  insure  a  certain  amount 
of  local  industrial  activity.  (3)  Private  owners  would  be  supplied 
with  examples  of  the  value  of  systematic  management.  (4)  Com- 
munities would  have  convenient  recreation  grounds  of  the  most 
desirable  sort.  (5)  An  opportunity  would  be  given  to  begin  now  to 
establish  forests  of  quality  to  meet  future  needs.  Most  individual 
owners  lack  the  means  or  the  dosire  to  adopt  such  a  policy,  although 
everyone  realizes  thie  need  of  such  measures. 

The  low  commercial  value  of  most  of  the  trees  suggested  for  re- 
moval and  the  cost  of  restocking  land  with  new  trees  combine  to  pro- 
hibit in  many  instances  the  adoption  of  obviously  desirable  improve- 
ment and  protective  measures.  A  vigorous  effort  should  be  made  to 
stimulate  the  existing  market  for  inferior  hardwoods  and  to  discover 
new  uses  for  such  woods.  If  an  active  demand  for  low-grade  hard- 
woods could  be  created,  the  problem  of  controlling  the  gipgr  moth 
in  woods  would  be  much  easier  than  under  present  conditicms. 

RECOMMENDATIONS. 

The  following  recommendations  are  made  in  the  belief  that  their 
adoption  would  be  of  great  value  in  the  solution  of  the  problem  of 
the  control  of  the  gipsy  moth  in  woods.   It  is  therefore  recommended : 

(1)  That  steps  be  taken  to  impress  cm.  every  individual  woodland 
owner  the  desirability  of  adopting  and  practicing  simple  but  definite 
improvement  and  protective  measures.  (2)  That  the  following  sug- 
gestions be  carefully  considered  by  woodland  owners  who  wish  to  im- 
prove and  protect  their  woods  : 

(a)  Cat  aU  trees  designated  as  of  low  commercial  value  in  Class  I  when 
they  are  shading  or  in  any  way  interfering  with  the  growth  and  development 
of  trees  in  Classes  II,  III,  and  IV. 

(5)  Cut  all  species  indicated  as  being  of  low  commercial  value  in  Classes 
III  and  IV  when  they  are  in  any  way  interfering  with  the  growth  of  valuable 
species  in  the  same  classes. 

(c)  Cut  as  soon  as  possible  all  trees  which  have  started  to  die.  Dying  trees 
often  breed  very  injurious  borers. 

(d)  Cut  no  thrifty  trees  merely  out  of  fear  that  they  will  be  attacked  by 
insects,  excepting  In  cases  where  extreme  suppressive  measures  make  it  neces- 
sary.   Many  insect-ridden  trees  have  recovered  fully. 

(c)  Cut  no  thrifty  tree  that  is  not  Interfering  with  the  growth  of  a  more 
valuable  one  unless  it  can  be  replaced  by  something  better. 

(/)  Confine  hardwood  growth  as  far  as  possible  to  the  best  avaUable  soils. 

(g)  Encourage  the  growth  and  development  of  conifers,  particularly  white 
pine,  on  all  sites  not  well  adapted  to  hardwood  growth. 

(h)  Keep  woodland  so  completely  stocked  with  trees  that  undergrowth  pro- 
viding gipsy-moth  food  will  be  shaded  out. 

(3)  That  the  establishment  of  public  forests  be  given  every  en- 
couragement. 
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PINE  REGION. 

By  Willis  Munbo, 

Assistant  in  Forest  Management. 


CONTENTS. 


Sasc»ptfl)iUt7  to  gipsy-moth  attack  as  a  basis 

of  management 

Other  factors  in  management  for  moth  con- 
trol  

Some  controlling  factors  in  management.^. . 

Trees  which  control 

Typical  stands 

Mixed  oaks,  four-tenths  white  oak,  at 

Dover,  ICass 

IClxed  oaks,  three-tenths  white  oak,  at 
Exeter,  N.H 


Page. 


28 


88 


Page. 
Typical  stands— Gontinned. 

Mixed  oaks,  two-tenths  white  oak,  at 

Wareham,Maas 86 

Mixed  hardwoods,  one-tenth  white  oak, 

atMedfleId,Mass 38 

Old  field  growth,  one-twentieth  whlteoak, 

at  Amesbury,  Mass 40 

Northern  hardwoods,  no  white  oak,  at 

North  Berwick,  Me 48 

Conclusions 48 

Appendix ^ 51 


The  preceding  pages  have  been  devoted  to  the  general  subject  of 
the  gipsy  moth  in  woods.  In  those  which  follow  an  attempt  will  be 
made  to  coordinate  the  results  of  the  food-plant  experiments  with 
known  principles  of  forest  management  and  with  economic  condi- 
tions in  the  infested  region,  to  see  how  far  we  may  reasonably  expect 
to  rely  upon  forest  management  to  control  the  moth. 

SUSCEPTIBILITY  TO  GIPSY-MOTH  ATTACK  AS  A  BASIS  OF 
MANAGEMENT. 

TTPICAL  STANDS  COMPARED. 

The  composition  of  some  of  the  statnds  used  in  the  management 
experiments  was  shown  in  Part  I  (p.  6).  By  taking  these  same 
stands  and  grouping  the  species  according  to  their  susceptibility  to 
attack  by  the  gipsy  moth,  as  determined  by  Mosher  ^  we  get  the  fol- 
lowing results: 

Composition  of  stands  by  percentage  of  susceptible  trees  present. 


Classes  of  trees  based  on  acceptability  as 

Dover, 
Mass. 

Exeter, 
N.  Q.' 

Ware- 
ham, 
Mass. 

North 

Berwick, 

Me. 

Ames- 

Med- 
fleld. 
Mass'. 

I.  Favored  food  in  all  larval  stages 

n.  Favored  food  after  earlier  stages 

III.  Not  particularly  favored  food. 

IV.  Un&voredfood 

Percent. 

94 

3 

2 

1 

Percent. 

88 

4 

8 

Percent. 

83 

16 

1 

Percent. 

50 

4 

45 

1 

Percent. 

45 

36 

12 

7 

Percent. 
38 
61 

1 

Whole  stand 

100 

100 

100 

100 

100 

100 

Number  ner  acre  aUve 

510 
4.9 

8 

291 

6.1 

15 

306 

7.0 

9 

407 

6.5 

14 

321 

4.9 

19 

426 

NnmlM-  of  aTiM!iflS 

6.6 
6 

1  Food  Plants  of  the  Gipsy  Moth  In  America,  F.  H.  Mosher,  Bulletin  250.  U  .S.  Dept.  of 
Asricnlture,  1915. 
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These  stands  were  carefully  selected  after  a  thorough  search  of  the 
infested  region  to  find  stands  having  varying  proportions  of  different 
species,  and  they  are  typical  of  the  region. 

It  will  be  noticed  that  in  the  first  four  the  Class  I  trees  (favored 
food  of  the  gipsy -moth  caterpillar)  from  60  to  94  per  cent  of  the 
whole  stand.  It  is  obvious  that  in  such  cases  any  plan  which  pre- 
scribes the  removal  of  all  Class  I  trees  involves  a  radical  change  in 
composition  and  can  not  be  efficacious  unless  the  sprouts  which  follow 
cutting  are  also  removed. 

This  classification  of  trees  according  to  their  susceptibility  to  attack 
by  the  gipsy-moth  caterpillar,  though  based  upon  careful  experiments 
in  the  laboratory  and  extended  observations  in  the  field,  is  not  abso- 
lute. In  some  cases  it  may  have  a  direct  bearing  upon  forest  man- 
agement in  the  region  infested  with  the  gipsy  moth,  but  it  is  not 
yet  conclusive  as  to  moth  control,  for  there  is  a  wide  range,  for  exam- 
ple, between  the  susceptibility  of  white  oak  and  of  beech,  which 
are  both  Class  I  trees.  It  is,  therefore,  subject  to  revision,  if  later 
experiments  or  field  observations  should  require  it. 

OTHER  FACTORS  IN  MANAGEMENT  FOR  MOTH  CONTROL. 

A  sound  plan  for  moth  control  by  forest  management  must  be 
based  not  only  upon  the  susceptibility  of  the  trees  to  attack  by  the 
caterpillars  and  upon  their  silvicultural  requirements  as  individuals 
and  as  component  parts  of  the  stands  in  which  they  occur,  but  also 
upon  the  degree  of  infestation.  In  the  work  of  the  Bureau  the  degree 
of  infestation  by  the  gipsy  moth  is  determined  by  counting  the  num- 
ber of  egg  clusters,  each  containing  from  300  to  500  eggs  and  laid  by 
a  single  female. 

The  number  of  egg  clusters  per  acre  at  any  given  date,  while  by  no 
means  satisfactory,  is  the  best  standard  as  yet  available  by  which  to 
compare  the  degree  of  infestation  in  different  stands,  or  in  the  same 
stand  in  different  years.  It  is,  of  course,  a  better  index  of  the  de- 
foliation to  be  expected  the  next  year  than  of  that  which  occurred 
the  year  the  eggs  were  laid,  and  as  such  becomes  a  factor  in  manage- 
ment for  moth  control.  It  should  be  remembered,  however,  that 
when  very  high  figures  are  reached  relief  may  reasonably  be  expected 
from  outbreaks  of  the  wilt  disease,^  migration  of.  the  caterpillars, 
attacks  by  parasites  and  other  insect  enemies,  starvation,  or  other 
natural  causes. 

SOME  CONTROLLING  FACTORS  IN  MANAGEMENT. 

Since  Mosher  has  concluded  that "  tray  work  and  field  observations 
show  that  the  white  oak  is  probably  the  most  favored  food  plant  of 

*  QIaser,  R.  W.,  and  Chapman,  J.  W.     The  wilt  disease  of  gipsy  moth  caterpillars.    In 
Jour.  Bcon.  Bnt,  v.  5,  p.  47»-488,  1913.     See  Bibliography,  p.  487-488. 
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the  gipsy  moth,"  the  percentage  of  white  oaks  has  been  selected  as  a 
basis  of  comparison  for  the  six  stands  now  under  consideration. 

The  percentage  of  white  oaks  present  gives  a  natural  and  definite 
basis  of  comparison  which  has  a  direct  bearing  upon  both  manage- 
ment and  moth  control. 

With  the  exception  of  tamarack,  there  are  no  conifers  among  Class 
I  trees  (favored  food  of  the  caterpillar) .  As  there  is  no  tamarack  on 
any  of  the  lots  now  under  consideration,  the  retention  of  conifers  is 
an  important  factor  in  moth  control  in  these  stands.  In  any  stand 
the  leading  species — ^that  occurring  in  the  greatest  number — requires 
careful  consideration  both  as  a  food  plant  and  as  a  forest  tree  if 
success  is  to  be  expected.  The  presence  in  large  numbers  of  young 
growth  of  species  desirable  from  both  viewpoints  is  also  important. 
This  brief  statement  by  no  means  includes  all  factors  which  must 
be  considered,  but  the  suggestions  given  below  are  based  upon  them 
and  upon  markets  as  controlling  factors  in  management.  For  con- 
venience of  reference  four  of  the  important  factors  are  summarized 
in  the  form  of  a  table  which  follows : 

Some  controlling  factors  in  tAanagement, 


stand  at— 


Dov«r,MaaB 

Eretor,N.H 

Waraham,  Mass 

Uedfleld^kaw 

Ameebory,  Mass 

North  Berwick,  Me. 


White 
oak. 


Percent. 
38 
30 
21 
10 
5 


Conifers. 


Percent. 

3 

4 
16 

9 
41 

4 


Leading  species. 


Red  oak 

.....do 

Scarlet  oak.. 
Chestnut.... 
White  pine. 
Beech 


Percent. 
45 
81 
64 
52 
28 
45 


Nomber 
of  gipsy- 
moth  egg 
clusters 
per  acre 
In  1913. 


15,000 

949 

12 

4,374 

550 

1 


TREES  WHICH  CONTROL. 

From  the  list  of  150  food  plants  of  the  gipsy  moth,  published  in 
Bulletin  250,  there  were  selected  and  considered  in  Part  I  all  native 
or  naturalized  trees  which  might  be  found  in  woods  in  the  infested 
region.  Seventy-five  species  are  included,  and  the  list  is  given  on 
pages  8-10. 

When  sufficiently  numerous  in  a  stand  tbese  would  be  leading  spe- 
cies, as  that  term  has  been  defined  above,  and  by  that  fact  alone  they 
might  become  controlling  factors  in  management,  but  many  trees  ^ 
in  the  list  occur  so  infrequently  or  are  so  small  that  their  presence  or 
absence  in  a  stand  would  have  no  controlling  effect  upon  the  form 
of  management  to  be  practiced. 

Of  the  whole  75  species  only  18  have  silvical  characteristics  which, 
apart  from  any  considerations  of  commercial  value  or  of  moth  con- 

*  See  Appendix,  p.  51. 
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trol,  make  it  impossible  to  disregard  them  if  success  is  to  be  expected 
in  managing  a  stand  in  which  they  are  present 

The  possession  of  these  charactertistics  puts  these  18  trees  in  a 
separate  class  from  the  others,  and  the  clear  recognition  of  what  the 
characteristics  are  will  greatly  simplify  our  problem  and  seems  to 
justify  the  designation  of  these  species  as  "  controlling  trees.^  Unless 
exactly  understood,  this  term  may  lead  to  confusion.  Perhaps  "  po- 
tentially controlling  trees  "  would  more  accurately  describe  what  is 
meant. 

Their  mere  presence  in  a  stand  does  not  necessarily  make  them  con- 
trolling. If  one  or  more  of  the^  species  is  present  in  such  numbers 
as  to  be  the  leading  species,  no  confusion  can  arise,  for  their  mere 
numbers  make  them  a  controlling  factor,  and  their  silvical  character- 
istics reenforce  and  strengthen  their  power  of  control  When  less 
nmnerous,  the  quei^ion  whether  or  not  a  particular  species  is  one  of 
the  controlling  factors  depends  upon  a  careful  consideration  of  how 
many  trees  there  are  of  each  species  and  of  the  effect  likely  to  be 
produced  upon  the  stand  by  the  other  controlling  factors  in  that 
stand. 

The  chief  silvical  characteristics  which  under  certain  conditions 
may  make  these  species  controlling  factors  in  management  are: 

(1)  Adaptability  to  certain  sites; 

(2)  Tolerance  of  shade; 

(3)  Power  of  abundant  reproduction  by  seed;     . 

(4)  Power  of  abundant  reproduction  by  sprouts  or  by  root  suckers ; 

(5)  Eapid  growth. 

Of  the  species  possessing  one  or  more  of  these  silvical  characteris- 
tics, there  are  listed  as  controlling  trees  only  those  which  are  actually 
found,  in  some  stands  in  the  white-pine  region,  in  sufficient  numbers 
to  become  a  controlling  factor  in  those  stands.  What  constitutes 
sufficient  numbers  is,  of  course,  a  matter  of  opinion  upon  which  in- 
dividual foresters  may  differ.  That  of  the  present  writer  will  appear 
later  in  the  suggestions  for  management  of  each  of  the  stands  now 
under  consideration. 

The  list  given  below  includes  18  species  falling  within  the  limita- 
tions above  described.  They  may  fairly  be  called  controlling  trees  of 
the  white-pine  region.  In  a  table  which  follows  the  list  these  species 
are  shown  again,  grouped  under  the  silvical  characteristics  which  de- 
termined their  inclusion  in  the  list.  This  is  followed  by  a  brief  state- 
ment for  each  species  of  the  conditions  under  which  the  potentially 
controlling  trees  may  become  actual  controlling  factors  in  manage- 
ment in  individual  stands  in  the  white-pine  region. 

In  the  suggestions  for  management  which  follow  later  all  other 
species  are  disregarded  or  are  given  only  the  most  general  consid- 
eration. 
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CONTROLLING  TREES  OF  THE  WHITE-PINE  REGION  AND  THEIR  CHIEF  SILYICAL 

CHARACTERISTICS. 

CLASS  I :  SPECIES  THAT  ABE  FAVORED  FOOD  OF  THE  GIPST-MOTH  UiXVJE  IN  ALL  THEIB 

STAOES. 

Aspen  {Populus  tremuloides  Michx.). 

Aspen,  Large-tooth  (Populus  grandidentata  Michx.). 

Beech  {Pagus  atropunicea  [Marsh.]  Sudw.). 

Birch,  Gray  (Betula  populifolia  Marsh.). 

Oak,  Scrub  {Quercua  pumUa  [Marsh.]  Sudw.). 

Oak,  Black  (Quercus  velutina  Lam.). 

Oak,  Red  (Quercus  rubra  Linn.). 

Oak,  Scarlet  (Qi^ercus  coccinea  Muench.). 

Oak,  White  (Quercus  alba  Linn,). 

CLASS  n:   SPECIES  THAT  ARE  FAVORED  FOOD  OF  THE  OIPSY-MOTH  LARVA  AFTER  THE 

TT.AftT.ngR    LARVAL    STAGES. 

Chestnut  (Castanea  deniata  [Marsh.]  Borkh.). 
Hemlock  (Tsuga  canadensis  [Idnn.]  Gafr.). 
Pine,  Pitch  (Pint**  rigida  Mill.). 
Pine,  White  {Pinus  strobus  Linn.). 

CLASS    in  :    SPECIES    THAT   ARE    NOT   PARTICULARLT    FAVORED,    BUT    UPON    WHICH    A 
SHALL  PROPORTION  OF  THE  GIPSY-MOTH  LARVA  MAY  DEVELOP. 

Maple,  Red  (Acer  rubrum  Linn.). 
Maple,  Sugar  {Acer  saccharum  Marsh.). 

CLASS    IV :    SPECIES    THAT   ARE   UNFAVORED    FOOD    OF    THE    GIPSY-MOTH    LABVJB. 

Ash,  White  (Fra(Hnu8  americana  Linn.). 
Cedar,  Red  (Juniperus  virginiana  Linn.). 
Cedar,  White  (Chamaecyparis  thyoides  [Linn.]  B.  S.  P.). 

Chief  silvical  characteristics  of  controlling  trees  of  the  white-pine  region. 


ISSC 

1.  Adaptability  to 
oertaln  sites. 

2.  Tolerance 
of  shade. 

Power  of  abundant  reproduction— 

esteridllar 
food 

8.  By  seed. 

4.  By  sprouts  or 
by  root  suckers. 

5.  Rapid  growth. 

I          

Aspen 

Aspen 

Aspen 

A4>en,Large  tooth 

Beech 

Aspen. 

A^peii,Largetooth 

Aspen,  Large  tooth 

Ai^n ,    Large 

Beech 

tooth. 

Bireh,  Gray 

Birch,  Gray 

Birch,  Gray 

Oak,  Scrub 

Oak,Blac.k 

Oak,  Red 

Birch,  Gray. 

Oak,  fecTulT . 

Oak,  Scarlet 

Oak!  White 

Chestnut 

IT 

Chestnut 

Chestnut. 

Hemlock 

Hemlock 

Pine  Pitch 

Phie,  Pitch 

Pine,  White....;. 
Maple,  Red 

Pine,  White. 

Pine,  White 

Pine,  White. 

TIT 

Maple,  Red 

M^e,  Sugar 

Ash,  White 

Maple,Sugar 

IV        .... 

Ash,  White 

A8h,Vniite 

Ash,  White. 

Cedar,  Red 

Cedar^Whit^^.     . 

' 

1 
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CONDITIONS  UNDER  WHICH  POTBNTIALLT  CONTROLLING  TREES  OP  THE 
PINE  REGION  MAT  BECOME  ACTIYB  CONTROLLING  FACTORS  IN  MANAGEMENT. 

THE  ASFBNS/ 

The  aspen  and  large-tooth  aspen,  if  few  in  number  in  a  stand, 
may  be  disregarded.  They  will  not  control  the  form  of  man- 
agement; that  is,  they  may  be  cut  or  left  according  to  the  owner^s 
preference.  If  very  numerous  or  if  in  pure  stands  they  can  n<^  be 
disregarded,  and  they  become  controlling  factors  because  of  tiieir 
rapid  growth  and  power  of  abundant  reproduction  by  root  suckers. 

Even  if  not  numerous  in  the  stand  then  under  consideration,  these 
species  may  be  controlling  factors  in  management  in  that  stand  if 
there  are  numerous  seed  trees  near  by,  or  if  the  stand  contains  rela- 
tively large  areas  of  bare  mineral  soil  or  has  recently  been  burned 
over.  This  is  because  of  their  power  of  abundant  reproduction  by 
seed  and  their  ability  to  germinate  on  such  sitea 

BEECH. 

The  power  to  survive  under  dense  shade  and  to  reproduce  vigor- 
ously from  root  suckers  makes  the  beech  a  controlling  factor  in  man- 
agement of  stands  where  it  is  found  in  sufficient  numbers.  It  sprouts 
from  the  stump,  but  these  sprouts  seldom  amount  to  anything.  In 
the  southern  part  of  the  white-pine  region  beech  reproduction  is 
chiefly  by  root  suckers.  In  the  northern'  p^rt  it  can  be  more  easily 
eliminated  from  stands  if  this  is  desired,  because  there  it  reproduces 
chiefly  from  seed. 

GBAT  BIBCH. 

Many  stands  of  gray  birch,  covering  in  the  aggregate  large  areas, 
are  found  throughout  the  white-pine  region.  They  are  characteristic 
of  old  pastures,  and  the  rapid  growth  and  the  power  of  abundant 
reproduction  of  this  species,  both  by  seeds  and  by  grouts,  make  it 
an  exceedingly  difficult  and  expensive  undertaking  to  eliminate  it  or 
even  to  alter  materially  the  composition  of  stands  in  which  it  is 
nimierous.  Under  such  conditions  it  becomes  a  controlling  factor  in 
management  and  can  not  be  disregarded,  if  success  is  expected. 

SCBUn   OAK. 

This  species  {QiLercus  pv/mUa  [Marsh.]  Sudw.)  occupies  large 
areas  of  so-called  waste  land,  especially  in  southeastern  Massa- 
chusetts. The  sites  on  which  it  occurs  are  often  too  poor  for  agri- 
cultural crops  but  excellent  for  tree  growth,  which  in  most  cases 
originally  occupied  them.    The  seeding  and  sprouting  capacity  of  the 

^For  further  details  see  Forest  Service  Bulletin  93,  The  Aspens,  Their  Growth  and 
Management,  by  W.  S.  Welgle  and  E.  H.  Frothingham. 
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si>ecies  and  its  ability  to  grow  in  soil  too  poor  for  other  oaks  have 
enabled  it  to  maintain  itself  and  to  increase  the  area  occupied  in  spite 
of  cutting  and  fires  which  have  reduced  the  proportion  of  the  pine 
originally  present  These  characteristics  make  the  species,  although 
seldom  fit  even  for  saleable  firewood,  a  controlling  factor  in  manage- 
ncient  when  it  is  found  in  sufficient  numbers. 

BLACK,  BED,   BCABUET,   AND   WHITE  OAKS. 

These  oaks  should  be  confined  to  soils  best  adapted  to  their  require- 
ments. Such  soils  are  often  suitable  for  agricultural  crops.  Sites 
too  rough  for  agriculture  are  oft^i  excellent  for  hardwoods  other 
than  oak  or  for  white  pine.  To  one  knowing  ^nothing  about  it,  it 
sounds  very  simple  to  cut  the  oaks  and  plant  pine,  but  the  power  of 
abundant  reproduction  by  sprouts,  common  to  these  species,  makes 
such  a  conversion. a  difficult  and  expensive  proceeding,  and  owing  to 
this  their  presence  in  a  stand  in  sufficient  numbers  makes  them  con- 
trolling factors  in  management. 

CHESTNUT. 

Chestnut  has  an  intolerance  of  shade  which  prevents  the  seedlings 
frpm  coming  up  in  any  dense  shade,  even  that  of  sprouts  of  the  same 
species.  The  supply  of  seed  is  usually  scanty,  owing  to  the  general 
practice  of  gathering  the  nuts.  These  facts,  and  its  power  of  abund- 
ant reproduction  by  sprouts  and  their  very  rapid  growth,  all  unite  to 
make  sprout  growth  the  usual  form  in  which  the  tree  is  f oimd  in  this 
region. 

It  does  not  need  a  rich  soil,  but  to  make  good  growth  requires  depth 
and  a  soil  whose  physical  structure  insures  good  drainage.  It  will 
succeed  on  soils  too  dry  for  beech  or  maple.  There  are  large  areas  of 
glacial  drift  throughout  the  white-pine  r^on  well  adapted  to  chest- 
nut. It  is  never  found  in  stands  100  per  cent  pure,  but  mixed  hard- 
wood stands  with  60  to  80  per  cent  of  chestnut  are  not  unconmion. 
When  so  numerous  on  suitable  sites  its  sprouting  capacity  and  rapid 
growth  make  this  species  a  controlling  factor  in  management^ 

HEMLOCK. 

That  portion  of  New  England  now  infested  with  the  gipsy  moth  is 
not  especially  adapted  to  hemlock,  which  reaches  its  largest  size  in 
the  coves  of  the  mountains  of  West  Virginia,  North  Carolina,  and 
Tennessee.  In  the  white-pine  region  pure  hemlock  stands  are  rare, 
and  the  proportion  of  the  area  now  bearing  any  hemlock  is  small. 

It  is  confined,  as  a  rule,  to  moist  ravines  and  cool  slopes,  where  it 

.  should  be  permanently  retained,  for  its  adaptability  to  such  sites 

makes  it  there  a  controlling  factor.    For  the  protection  of  water- 

^  The  Busceptlbllity  of  chestnut  to  the  chestnut  bark  disease  is  another  factor  that  must 
be  considered  in  this  connection.     See  comment  on  page  40. 
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sheds  which  should  never  be  denuded,  hemlock  is  especially  well 
suited.  Where  the  retention  of  hemlock  is  desired,  stands  should 
never  be  clear  cut  but  should  be  handled  on  the  selection  system, 
described  later.    (See  p.  44.) 

Its  tolerance  of  dense  shade  and  its  ability  to  grow  vigorously  after 
a  long  period  of  suppression  may  make  hemlock  a  controlling  factor 
when  found  as  an  understory  in  any  stand  with  an  overstory  of  other 
species.  If  fires  are  excluded,  and  the  trees  composing  the  overstory 
are  not  removed  too  suddenly,  hemlock  will  eventually  occupy  the 
site.  If  this  too  sudden  removal  is  intentionally  prevented  by  care- 
ful management,  the  understory  of  hemlock  will  materially  increase 
the  yield  from  the  area  occupied  and  will  protect  and  enrich  the  soil, 
but  its  growth  is  so  extremely  slow  that,  where  the  object  of  man- 
agement is  timber  production,  hemlock  should  never  be  grown  as 
the  principal  crop  on  level  land  with  soil  suitable  for  agriculture,  or 
on  sites  suitable  for  tree  species  of  greater  value  and  of  more  rapid 
growth. 

prrcH  PINE, 

Pitch  pine  is  very  intolerant  of  shade  and  soon  dies  if  overtopped. 
It  is  fire  resistant;  even  the  seedlings  will  survive  a  fire  which 
would  kill  any  other  New  England  species.  It  bears  large  crops  of 
seed  every  year  and  begins  to  form  cones  at  an  early  age.  It  with- 
stands drought  well,  and  its  seedlings  require  no  shade.  It  does  best 
on  good  soil,  but  can  not  there  compete  with  less  intolerant  or  with 
more  rapidly  growing  species.  Scattered  specimens  may  be  found  on 
such  sites,  but  there  it  is  not  a  controlling  tree.  Pure  stands  are 
found  only  on  sites  eithey  too  poor  or  too  exposed  for  other  species 
or  so  frequently  fire  swept  that  other  species  have  been  eliminated. 
When  found  on  such  poor  sites  pitch  pine  is  absolutely  controlling, 
for  no  other  native  species  will  grow  there.  When  mature,  the  stand 
may  be  clear  cut  and  the  site  planted  to  pitch  pine,  or  seed  trees  may 
be  left  about  10  per  acre,  or  the  area  may  be  seeded  artificially.*  On 
the  better  sites  pitch  pine  will  be  a  controlling  tree  only  if,  and  as 
long  as,  the  fire  hazard  remains.  When  this  is  removed,  more  valu- 
able species  may  return  very  gradually  if  seed  trees  are  within  reach, 
or  they  may  be  introduced  by  planting.  It  is  believed  that  the  pr^- 
ence  of  scrub  oak  on  fire-swept  soils  is  a  safe  indication  that  the  site 
occupied  is  not  of  the  poorest  class. 

Within  the  white-pine  region  pure  stands  of  pitch  pine  are  now 
found  chiefly  in  the  following  places :  In  Maine,  south  and  west  of  the 

» 1912  Conn.  State  Porestera  Report,  p.  472,  Plot  No.  8,  1.3  acres  of  "  natural  Band 
plain  "  at  Windsor.  Seed  sown  on  cultivated  strips,  li  feet  broad  and  4  feet  apart. 
Seed  slightly  covered  by  brushing  the  surface.  Two  pounds  of  seed  per  acre  on  one-half  of 
the  ^rea ;  one  pound  per  acre  on  the  other  half.  Conclusion  after  10  years :  "  A  stand 
of  this  species  may  be  successfully  established  in  this  manner.  Two  pounds  of  seed  per 
acre  gives  too  dense  a  stand ;  1)  pounds  would  be  sufficient*' 
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Androscoggin  and  along  the  Saco  Eiver ;  ^  in  New  Hampshire  on  the 
Saco  watershed,  especially  around  Silver  Lake  in  Madison  and  near 
Ossipee  Lake;^  in  Massachusetts  on  Cape  Cod.  It  is  also  found  in 
Connecticut,  outside  the  white-pine  region,  on  the  sand  plains  of  the 
lower  Connecticut  Valley.* 

WHITE  PINE. 

White  pine  is  adaptable  to  many  sites,  dry  or  moist,  poor  or  good.. 
Its  seedlings  do  not  often  survive  if  they  germinate  either  in  the 
open  or  under  a  heavy  shade.  They  do  best  under  a  light  shade, 
such  as  that  of  gray  birch  or  aspen,  and  will  persist  there  until  the 
older  hardwood  trees  die  or  are  passed  by  the  pine.  These  qualities 
and  its  very  rapid  growth  make  white  pine  a  controlling  tree  when 
its  seedlings  occupy  the  ground  beneath  gray  birch  or  aspen,  or 
when  older  pines  are  mixed  with  other  hardwoods  of  less  or  of 
equal  height.  Unlike  the  pitch  pine,  abundant  seed  crops  of  white 
pine  are  produced  only  at  irregular  intervals  of  four  to  seven  years. 
This  irregularity  and  the  generally  unsuccessful  attempts  to  secure 
natural  reproduction  make  white-pine  seed  trees  on  or  near  the 
lot  of  much  less  practical  importance  than  would  be  supposed  from 
reading  existing  literature  on  the  subject,  though  if  such  seed  trees 
are  present,  and  the  stand  is  cut  in  a  white-pine  seed  year,  a  new 
stand  of  white  pine  may  occasionally  be  secured  by  natural  seeding.* 

BED  MAPLE. 

Red  maple  is  found  throughout  the  white-pine  region,  often  pure 
in  swamps  or  scattered  there,  or  even  on  dry  uplands.  Reproduc- 
tion is  good,  for  this  species  produces  abundant  seed  crops  every 
year  which  ripen  in  the  spring,  and  when  cut,  the  stumps  sprout 
vigorously.  In  the  wettest  swamps  it  grows  more  rapidly  than  any 
other  hardwood  species  and  when  found  pure  on  such  sites  is  a 
controlling  tree.  Such  stands  should  be  managed  to  produce  cord- 
wood,  by  clear  cutting,  with  sprout  reproduction,  on  a  rotation  of 
30  to  35-  years. 

8U0AB  MAPLE. 

In  eastern  Canada  and  in  the  northern  hardwoods  region  of  New 
England  sugar  maple  is  an  important  species.  In  the  white-pine 
region  only  scattered  individuals  are  found  except  in  southern 
Maine  and  southern  New  Hampshire.  There  the  tree  is  more  com- 
mon in  the  woods,  and  some  "  sugar  orchards  "  are  found.    Its  seed 

1  Maine  Forest  CoimnlBsioDers  1906  Report,  p&ge  0. 
«  N.  n.  Forestry  Commission  Report  for  1903-4,  pages  61,  68. 
•  Hawley  &  Hawes,  Op.  cit.,  p.  42. 

«The  susceptibility  of  white  pine  to  the  white-pine  blister  rust  is  another  factor  that 
must  be  considered  In  this  connection.    See  comment  on  page  40. 
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ripens  in  October.  Some  is  produced  neaply  every  year,  but  full 
crops  are  borne  only  at  intervals  of  three  to  five  years.  Next  to 
beech,  sugar  maple  is  probably  the  most  tolerant  of  American  hard- 
woods. In  youth  shade  is  an  advantage,  but  at  maturity  full  light 
is  not  detrimental.  It  grows  slowly  and  is  a  strong,  vigorous, 
aggressive  species  able  to  hold  its  own  with  any  trees  on  soil 'suited 
to  it,  but  it  is  not  a  "  poor-land  "  tree.  It  does  not  grow  in  swamps. 
It  prefers  a  fresh,  well-drained  soil,  and  in  New  England  finds  ideal 
conditions  at  moderately  high  elevations  on  cool  northerly  slopes. 
Its  adaptability  to  such  sites  and  to  soils  containing  lime,  together 
with  its  tolerance  of  dense  shade,  make  it  a  controlling  tree  when 
found  there  in  sufficient  numbers,  either  in  the  main  stand  or  in 
the  young  growth  beneath  it. 

WHITE  ASH. 

White  ash  resembles  hemlock  in  the  ability  of  its  seedlings  to  start 
in  dense  shade  and  to  respond  well  when  released,  but  the  length  of 
time  it  can  stand  suppression  is  much  less  than  that  of  hemlock. 
Like  other  species,  white  ash  is  more  intolerant  on  poor  than  on 
good  sites.  After  the  pole  stage  it  can  endure  only  a  moderate 
amount  of  shade.  It  is  found,  except  on  poor,  dry  sites,  through- 
out New  England,  but  is  of  greater  importance  in  the  northern 
hardwoods  and  sprout  hardwoods  regions  which  adjoin  the  white- 
pine  region  at  the  north  and  south.  White  ash  occurs  usually  as 
scattered  individuals  in  second-growth  mixed  hardwood  stands  cm 
the  richest  soils  now  forested.  It  is  not  a  swamp  tree,  but  requires 
deep,  fertile,  and  well-drained  soils,  with  abundant  moisture  avail- 
able near  the  surface.  Gentle  north  or  east  slopes  are  especially 
favorable  sites. 

It  sprouts  vigorously  when  cut,  seeds  freely  about  every  other 
year,  with  exceptionally  heavy  crops  at  intervals  of  three  to  five 
years.  It  starts  well  in  openings  in  broken  hardwood  stands  and 
also  on  pine  needles  under  pure  second-growth  white-pine  stands, 
if  not  too  dense.  It  also  seeds  in  well  after  a  fire,  if  the  site  is  suffi- 
ciently moist  and  seed-bearing  trees  are  near.  It  grows  more  rap- 
idly than  the  other  hardwoods  with  which  it  is  usually  found  and 
occasionally  forms  25  per  cent. or  more  of  mixed  second-growth 
hardwood  stands  along  streams  or  lakes  on  rich,  moist,  well-drained 
soil.  Under  these  circumstances  its  adaptability  to  the  site,  its  rapid 
growth,  and  its  power  of  abundant  reproduction  by  seed  and  by 
sprous  make  it  a  controlling  tree.  Such  stands  may  be  clear  cut  if 
they  offer  an  open  seed  bed,  or  they  may  be  handled  on  the  shelter- 
wood  system  if  the  stands  are  dense. 
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BED  CEDAIL 

Red  cedar  is  widely  distributed  in  the  eastern  United  States,  but 
only  in  the  Southeast,  on  good  soil,  is  it  now  found  in  the  quality  and 
sizes  which  give  it  its  greatest  value.  In  New  England  it  ranges  from 
Augusta,  Me.,  and  from  southern  New  Hampshire  through  Massa- 
chusetts and  Rhode  Island  into  Connecticut.  It  is  charactertistic  of 
old  fields  and  pastures,  the  stands  varying  from  a  few  scattered  trees 
to  dense  pure  stands,  and  it  is  also  found  in  mixture  with  gray  birch 
and  with  other  trees. 

Within  the  white-pine  region  thousands  of  acres  in  the  aggregate 
are  covered  by  this  typical  growth,  which  can  not  be  cut  profitably 
until  the  cedar  is  large  enough  for  posts  and  the  birch  for  cordwood. 
On  such  sites,  when  found  in  sufficient  numbers,  and  on  rock  covered 
with  not  more  than  6  inches  of  soil,  where  no  other  tree  can  grow,  red 
cedar  is  a  controlling  tree. 

When  cut  from  such  rocky  sites  it  should  be  replaced  by  seeding  or 
by  planting  4-year-old  red-cedar  stock,  three  times  transplanted  in 
the  nursery. 

On  old  fields  and  pastures  thinning  is  not  recommended,  even  in 
dense  stands,  as  the  increased  growth  is  so  slow  that  thinning  will 
not  pay. 

The  general  object  of  management  should  be  to  replace  the  cedar 
with  more  rapidly  growing  species.  When  material  is  large  enough 
to  sell,  stands  should  be  clear  cut  and  planted.  In  the  meantime  open 
stands  of  cedar  not  ready  for  clear  cutting  should  be  filled  by  planting 
white  or  red  pine,  and  mixed  stands  handled  as  suggested  for  the 
stand  at  Amesbury,  Mass.,  described  later.  That  stand  is  character- 
istic old-field  growth,  with  a  small  percentage  of  red  cedar. 

WHITE   CEDAR. 

This  species,  Chamaecy parts  thyoidse  (Linn.  B.S.P.),  must  not  be 
confused  with  the  other  of  the  same  common  name.  Thuja  occidental^ 
Linn.,  also  found  in  New  England  and  often  called  arborvitae. 
Arborvitse  is  rarely  seen  south  of  Boston,  and  Chamsecyparis  per- 
haps as  rarely  north  of  that  city.  Although  not  unknown  in  southern 
Maine  and  southern  New  Hampshire,  it  is  not  found  in  commercial 
quantities  in  the  white-pine  region  except  in  certain  swamps  within 
20  miles  of  the  coast  in  Massachusetts,  Ehode  Island,  and  Connecticut. 

It  is  found  pure  and  also  mixed  with  red  maple.  Many  swamps  in 
which  it  formerly  grew  have  been  cleared  and  converted  into  cran- 
berry bogs,  and  others  not  suitable  for  cranberries  will  probably 
eventually  be  drained  and  used  for  other  agricultural  crops. 
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Until  this  is  done  no  attempt  should  be  made  to  eliminate  white 
cedar  from  such  sites  for,  in  spite  of  its  very  slow  growth,  it  is  there, 
on  account  of  its  adaptability  to  the  site,  a  controlling  tree.  Its  cones 
mature  at  the  end  of  the  first  season  and  persist  through  the  winter. 
White  cedar  readily  starts  from  seed  and  should  be  managed  by  clear 
cutting  in  small  groups  or  in  strips  not  wide  enough  to  offer  much 
danger  from  windfall. 

TYPICAL  STANDS. 

Having  now  considered  the  factors  involved  in  any  attempt  to 
control  the  gipsy  moth  by  forest  management,  let  us  see  how  they 
apply  in  typical  stands. 

The  stands  previously  mentioned  will  be  discussed  in  the  order 
given  on  page  19,  and  readers  should  remember  that  any  general 
statement  or  suggestion  referring  to  a  class  is  intended  to  apply  to 
that  class  as  represented  in  the  stand  then  under  consideration  and 
may  not  be  applicable  to  the  species  composing  the  class  when  found 
in  bther  stands,  especially  if  they  occur  there  in  different  proportions. 

STAND  AT  DOVER,  BIASSACHUSETTS. 

THE    MANAGEMENT    OF    A    TYPICAL    MIXED    OAK    STAND    WITH    ABOUT    FOUB-TENTHS 

WHITE  OAK. 

The  woodlot  contained  eight  species  on  1  acre,  but  since  red. 
white,  and  black  oak  together  constituted  94  per  cent  of  the  whole, 
it  may  be  considered  from  the  standpoint  of  management  as  a  mixed 
oak  stand.  It  is  on  good  soil,  a  light,  brown,  sandy  loam,  not  as  deep 
as  that  of  the  Exeter  plot,  but  moist  and  well  drained.  It  is  under- 
lain by  gray  granite  ledges  which  outcrop  in  a  few  places  but  occupy 
less  than  1  per  cent  of  the  area.  The  surface  is  free  from  loose  stones, 
but  there  is  one  large  granite  boulder.  The  trees  averaged  4.9  inches 
in  diameter  breast  high  and,  excepting  the  white  pines,  were  about  30 
years  old. 

The  infestation  by  the  gipsy  moth  was  first  found  near  this  lot  in 
1905,  and  in  1913  the  egg  clusters  present  on  this  area  were  estimated 
at  15,000  per  acre,  and  defoliation  was  heavy. 

If  the  stand  were  not  infested  it  could  be  handled  as  a  sprout 
forest  ^  on  a  rotation  of  70  to  80  years,  with  several  thinnings.  The 
thinnings  should  yield  enough  cordwood  to  pay  for  them,  and  the 
final  product,  cut  40  or  50  years  from  now,  would  be  good  oak  timber. 

It  has  been  the  practice  in  eastern  Massachusetts,  in  town.  State, 
and  Federal  work,  and  by  some  owners  of  heavily  infested  stands  of 
this  character,  to  remove  all  dead  trees  and  as  much  imdergrowth  as 


^  simple  coppice  system. 
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possible  and  make  a  heavy  thinning.  This  has  been  done  to  simplify 
spraying^  which  is  effected  by  a  high-power  sprayer,  resembling  in 
size  and  general  appearance  the  watering  carts  used  in  city  streets. 
Spraying  costs  from  $8  to  $15  an  acre,  which  must  be  spent  each  year 
while  the  infestation  continues  heavy  and  is  efficacious  in  stopping 
defoliation  at  the  stage  reached  when  the  spraying  is  done.  It  gen- 
erally reduces  the  number  of  caterpillars  but  cannot  prevent  all  dam- 
age by  them,  for  its  effect  is  dependent  upon  the  leaves  being  eaten 
by  the  caterpillars. 

Management  for  moth  control  may  be  attempted  by  making  one 
cutting  or  by  successive  cuttings. 

One  cutting. — ^The  expense  of  spraying  may  be  entirely  avoided  in 
stands  of  this  character  by  clear  cutting,  leaving  conifers  if  desired, 
and  planting  red  or  white  pine.  If  this  is  done  it  must  be  followed 
by  several  cledmngs  (removing  the  hardwood  sprouts),  or  the  cater- 
pillars in  their  early  larval  stages  may  feed  on  the  hardwood  foliage 
and  in  their  later  stages  attack  the  pine. 

It  should  be  remembered,  however,  that  the  gipsy  moth  increases  in 
numbers  less  rapidly  on  young  hardwood  sprouts  than  on  larger  trees 
of  the  same  species,  whether  these  are  of  sprout  or  of  seedling  origin. 
When  the  object  of  management  is  moth  control,  this  less  rapid 
increase,  of  course,  affects  the  number  of  cleanings  which  are  needed 
in  young  sprout  hardwood  stands  after  cutting. 

After  various  experiments  the  conclusion  has  been  reached  that 
cleanings  in  the  first,  third,  and  fifth  years  following  a  clear  cutting 
in  hardwoods  will  be  ample  to  insure  protection  to  small  planted 
pines  and  that  in  many  cases  the  interval  between  cleanings  may 
safely  be  increased  to  three  years,  and  the  first  one  postponed  until 
the  second  year  after  the  original  cutting. 

From  purely  silvicultural  considerations  the  presence  of  hardwood 
sprouts  on  the  ground  during  the  first  summer  after  clear  cutting  is 
likely  to  be  beneficial  to  small  planted  pines  by  providing  some  shade, 
and  a  cleaning  in  the  second  and  another  in  the  fourth  or  fifth  year 
following  clear  cutting  would  prevent  the  small  pines  from  being 
killed  out  or  so  suppressed  that  their  growth  would  be  seriously 
checked. 

From  considerations  both  of  silviculture  and  of  moth  protection 
an  owner  planning  to  cut  clear  a  mixed  oak  stand  and  to  plant  pine 
should  be  prepared  to  make  two  and  perhaps  three  cleanings,  and 
should  realize  that  even  more  may  be  necessary. 

The  product  of  clear  cutting  on  this  lot  would  be  about  20  cords 
of  good  cordwood  per  acre,  which  is  practically  unsalable  in  this 
locality  because  of  the  great  amount  of  cutting  now  being  done.  If 
sold,  the  most  that  can  reasonably  be  expected  for  it  is  $2.50  per 
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cord  on  the  lot.    The  cost  of  cutting  should  not  exceed  $1.25  per  cord. 
The  planting,  including  stock,  will  cost  from  $12  to  $15  per  acre. 

The  cost  of  a  cleaning  made  the  first  year  after  cutting  will  be  less 
than  one  made  the  second  year,  because  of  the  great  difference  in 
the  size  of  the  sprouts.  If  made  the  first  year  it  will  require  seven  or 
eight  hours'  labor  of  one  man.  If  made  the  seccmd  or  third  year,  it 
may  well  take  10  or  11  hours.  Great  care  must  be  used  to  avoid 
damage  to  the  small  planted  pines. 

Removing  sprouts  by  mowing  is  especially  dangerous  to  young 
growth,  wild  or  planted,  which  it  is  desired  to  retain,  and  any  form 
of  cutting  is  less  effective  and  must  be  repeated  more  often  than 
breaking  or  pulling  the  sprouts  from  the  stump.  Pounding  them  off 
with  the  poll  (back)  of  an  ax  is  especially  desirable,  and  the  fi^t 
year  after  trees  are  cut  sprouts  may  be  removed  by  trampling  around 
the  stimip.  This  method  is  especially  successful  with  oak  sprouts 
and  is  not  very  hard  on  the  feet  if  heavy  shoes  are  worn. 

The  time  of  year  when  trees  are  cut  has  an  important  bearing  on 
the  number  and  vigor  of  sprouts  which  follow,  and  the  same  is  true 
of  removing  sprouts.  The  best  time  undoubtedly  varies  with  the 
species  and  locality,  even  in  an  area  as  small  as  New  England,  but 
no  precise  information  on  this  subject  is  available.  Speaking  gen- 
erally, it  may  be  said  that  trees  cut  in  the  summer  have  less  vigorous 
sprouts  than  those  cut  in  May  or  June.  The  same  conditions  apply 
to  sprouts.  If  these  are  removed  in  July  or  August  those  which 
follow  are  smaller  and  more  tender  than  those  which  follow  sprouts 
removed  earlier  in  the  season  and  are  likely  to  be  killed  or  damaged 
by  frost.  The  result  of  clear  cutting,  planting,  and  cleaning  in  this 
stand,  if  fires  are  excluded,  would  be  a  pure  stand  of  young  pine  on 
good  soil,  which  should  grow  rapidly,  yield  a  high  return,  and  be 
secure  against  gipsy-moth  attack. 

The  owner  of  this  stand,  like  many  others  in  the  infested  region, 
was  unwilling  to  make  a  clear  cutting  but  very  anxious  to  control  the 
gipsy  moth.  In  such  cases  the  plan  offering  the  best  chance  of 
eventually  controlling  the  gipsy  moth  is  to  begin  the  gradual  con- 
version of  the  stand  from  hardwoods  to  pine  by  successive  cuttings. 

Successive  cuttings, — ^The  first  cutting,  to  be  made  at  once,  should 
remove  all  dead,  dying,  defective,  or  suppressed  trees.  All  Class  I 
trees  (most  favored  food  of  the  caterpillar)  should  be  cut  as  heavily 
as  is  possible  without  exposing  the  groimd  too  much.  Many  trees  of 
this  class  must  be  left,  but  they  should  be,  as  far  as  possible,  thrifty 
trees  of  seedling  origin,  and  a  particular  effort  should  be  made  to 
reduce  the  number  of  white  oaks. 

The  Class  II  trees  (favored  food  after  the  earlier  larval  stages) 
will  be  favored  in  this  cutting.  On  this  lot  they  were  white  pines 
large  enough  for  seed  trees  and  so  especially  desirable. 
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The  Class  III  trees  (not  particularly  favored  food)  will  also  be 
favored  in  the  first  cutting.  On  this  lot  these  were  only  a  few  red 
maple  and  pignut  hickory. 

The  Class  IV  trees  (unfavored  food)  will  not  be  cut,  even  if  de- 
fective or  suppressed.    On  this  lot  they  were  white  ash. 

In  a  stand  as  dense  as  this  (500  trees  per  acre)  about  60  per  cent 
of  the  total  number  present  should  be  removed.  The  result  upon  the 
actual  stand  now  imder  consideration,  of  following  either  of  the  two 
plans  of  cutting  proposed,  appears  clearly  in  the  following  table : 

Stand  and  cutting  tablCy  Dover,  Mass,    Mixed  oak  standy  four-tenths  white  oak. 


Original  stand. 

Number  per  acre  left  under 
two  plans  proposed. 

Trees  wbich  control  if  in  sufficient 
numbexs. 

Trees  which 

control  on 

this  lot. 

other  spe- 
cies present. 

Number 
per  acre. 

1.  Radical 
conver- 

2.  Gradual  conver- 
sion—successive 
cuttings. 

cutting 
(now). 

First 
(now). 

Second 

(hiStolO 

years). 

Class  I: 

Red  oak 

Red  oak 

229 
59 
193 

1 

17 

5 
3 

3 

130 
36 
28 

Black  oak v 

Black  oak... 

White  oak 

White  oak. . 

Gray  birch 

Gray  birch.. 

White  pine.. 

Red  maple.. 
Hickory 

White  ash... 

Class  n: 

White  pine 

17 

17 

2 
2 

3 

17 

Class  ni: 

Tted  maple 

2 

2 

Class  IV: 

White  ash. 

8 

510 

17 

220 

24 

The  lot  should  be  planted  at  once  with  some  moth-resistant  species. 
Red  or  white  pine,  or  a  mixture  of  both,  may  be  used,  1,000  to  the 
acre,  with  entire  confidence. 

The  site  as  a  whole  is  too  dry  for  white  ash,  but  a  few,  25  or  50, 
could  be  planted  at  the  lowest  part  of  the  lot  with  benefit  to  its 
eventual  moth-resistant  character. 

Cleanings  will  be  necessary  for  at  least  five  years,  as  in  the  case 
of  clear  cutting.    (See  p.  29.) 

The  second  cutting  should  be  made  just  as  soon  as  the  trees  planted 
are  established  and  have  gained  a  decisive  lead  over  the  sprouts  from 
stumps  of  trees  cut.  This  would  be  not  less  than  five  years  after  the 
first  cutting.  If  it  were  delayed  until  10  years  after,  the  planted 
trees  would  probably  be  secure  against  being  overtopped  by  sprouts 
from  the  second  cutting.  If  cut  after  five  years,  a  cleaning  in  the 
second  and  another  in  the  fourth  year  would  probably  be  necessary. 
The  second  cutting  should  remove  all  remaining  Class  I  trfees  of  the 
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original  stand,  leaving  the  Class  III  and  Class  IV  trees.  The  white 
pines  of  the  original  stand  will  be  large  enough  to  cut  profitably  at 
this  time,  but  might  better  be  left  as  standards  to  supply  some  extra- 
large  material  in  the  final  cutting  of  the  planted  stand. 

The  product  of  the  first  cutting  will  be  cordwood,  ^hout  8  or  (> 
cords  per  acre,  worth  not  more  than  $2.50  per  cord  on  the  lot.  In 
acfdition  there  will  be  3  or  4  cords  of  poor  cordwood,  probably  worth 
about  what  it  cost  to  cut  or  a  little  less.  The  product  of  the  second 
cutting  will  depend  upon  when  the  cutting  is  made.  There  will  be 
only  cordwood  unless  the  cutting  is  delayed  for  40  to  50  years,  or 
until  the  stand  is  70  to  80  years  old,  in  which  case  material  of  larger 
dimensions  can  be  obtained. 

After  the  second  cutting  some  additional  planting  will  probably  be 
necessary  to  replace  trees  of  the  first  planting  which  have  died  or 
have  been  destroyed  in  the  second  cutting.  The  niunber  required 
should  not  exceed  300  per  acre. 

The  cost  of  the  first  cutting  will  be  about  $1.50  per  cord  and  of 
the  second  about  $2  per  cord. 

The  first  planting,  including  stock,  will  cost  about  $15  per  acre, 
and  the  second  planting  $4  or  $5  per  acre. '  The  higher  cost,  as  com- 
pared with  planting  after  clear  cutting,  is  due  to  the  need  of  going 
over  the  ground  twice  and  to  the  care  necessary  to  avoid  damage  to 
young  growth  when  the  two  plantings  are  made. 

A  cleaning  the  first  year  after  the  first  cutting  will  require  four 
or  five  hours'  labor  per  acre  of  a  careful  man ;  and  the  cost  will  de- 
pend, of  course,  upon  whether  the  owner  does  the  work  himself,  has 
such  a  man  available,  or  must  employ  one  especially  for  the  work. 

Later  cleanings  after  the  first  cutting  and  the  two  biennial  clean- 
ings after  the  second  cutting  are  each  likely  to  require  somewhat  more 
time,  as  greater  care  will  be  needed  to  avoid  doing  damage  to  planted 
stock,  but  six  to  eight  hours  per  acre  should  suffice. 

The  result  will  be,  if  fires  are  excluded,  a  moth-resistant  stand  of  a 
composition  dependent  upon  the  species  selected  for  planting. 

The  cost  of  either  plan  would  be  heavy,  and  for  most  owners, 
especially  if  applied  to  large  areas,  it  would  be  prohibitive.  But 
where  the  infestation  is  severe  either  plan  of  management  offers 
improved  conditions  at  less  expense  than  spraying  for  five  years  at 
$15  per  acre. 

With  a  good  cordwood  market  the  first  plan,  clear  cutting,  should 
yield  a  slight  margin  of  profit  over  all  costs.  The  second  plan  in- 
volves a  considerable  investment  without  any  net  returns  up  to  the 
time  the  conversion  from  a  susceptible  to  a  resistant  stand  is  com- 
pleted. 

Where  the  moth  is  present  in  large  numbers  this  should  be  compared 
with  the  cost  of  spraying  and  creosoting,  and  the  net  cpst  of  convert- 
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ing  the  stand  regarded  as  the  price  the  owner  has  paid  for  the  satis- 
faction of  not  denuding  his  land,  for  relief  from  annual  expenses,  the 
results  of  which  are  only  palliative,  and  for  future  insurance  against 
damage  by  the  gipsy  moth. 

The  possibility  of  control  by  management,  without  planting,  is  the 
object  of  experiments  now  in  progress.*  Pending  their  conclusion,  it 
is  believed  that  sufficient  information  has  been  given  in  the  foregoing 
to  guide  owners  of  stands  of  this  character  who  wish  to  do  something 
at  once. 

Of  the  two  plans  outlined,  the  first,  clear  cutting  and  immediate 
planting  of  the  whole  area,  is  preferable  from  considerations  of  forest 
management,  of  moth  control,  and  of  minimum  expense.  Economic 
•  conditions  preclude  the  expectation  of  its  general  adoption  in  the 
near  future,  but  it  is  strongly  recommended  to  owners  willing  to  meet 
the  expense. 

Others  must  face  the  fact  that  they  can  not  at  present  expect  to 
secure  moth  control  by  forest  management. 

STAND  AT  EXETER,  NEW  HAMPSHIRE. 

THE  MANAGEMENT  OF  A  TYPICAL  MIXED  OAK  STAND  WITH  THREE-TENTHS  WHITE  OAK. 

The  woodlot  of  2.5  acres  contained  15  species,  but  since  red,  white, 
and  black  oak  together  constituted  87  per  cent  of  the  whole,  it  may  be 
considered  from  the  standpoint  of  management  as  a  mixed  oak  stand. 
It  is  on  good  agricultural  soil,  a  dark,  brown,  sandy  loam,  deep,  moist, 
and  well  drained.  The  trees  averaged  6.1  inches  in  diameter  breast 
high  and  about  35  years  old. 

The  surrounding  region  had  been  infested  with  the  gipsy  moth 
since  1908,  the  infestation  coming  apparently  from  the  northeast. 
In  1913  the  count  on  this  lot  disclosed  949  egg  clusters  per  acre. 
There  was  very  severe  defoliation,  but  it  was  not  all  due  to  gipsy- 
moth  caterpillar&  They  were  responsible  for  part  of  it,  but  a  very 
large  part  was  the  work  of  brown-tail  and  forest  tent  caterpillars. 

If  the  stand  were  not  infested,  it  could  be  handled  like  that  at 
Dover,  as  a  sprout  forest. 

If  the  owner  wishes  to  attempt  to  control  the  gipsy  moth  by  forest 
management,  the  two  methods  suggested  for  Dover  will  be  applicable, 
with  certain  modifications. 

One  cutting. — If  cut  clear  and  planted,  the  products  will  be  less, 
because,  though  the  trees  averaged  a  little  larger,  there  were  only 
three-fifths  as  many — 300  per  acre.  The  product  will  probably  be 
about  20  cords  of  good  cordwood  per  acre,  worth,  as  this  lot  is 
situated,  about  $3  per  cord  on  the  lot. 

>  See  also,  Results  of  EzperimeDts  in  Controlling  the  Gipsy  Moth  by  Removing  Its 
Favorite  Food  Plants.  By  A.  F.  Burgess  and  D.  M.  Rogers,  Journal  of  Economic  Bnto- 
mology,  Vol.  VI,  pp.  75  to  79  (1918). 
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Successive  cuttings. — If  the  plan  is  adopted  of  making  a  gradual 
conversion  of  the  stand  from  hardwoods  to  pine,  the  first  cutting  may 
be  made  on  the  same  general  plan  as  at  Dover,  but  should  remove 
not  over  40  per  cent  of  the  total  number  of  trees  present,  because 
this  stand  is  much  less  dense. 

The  result  upon  this  stand  appears  in  the  following  table : 

Stand  and  cutting  table,  Exeter,  N.  H,    Mixed  oak  stand,  three-tenths  tohite  oak. 


Trees  which  control,  if  hi 
sufhclent  numb^. 


Orlghial  stand. 


Trees  which 

control  on 

this  lot. 


O  ther  species  present. 


Number 
per  acre. 


L  Radical 
oonver- 

slon— one 
cutting 
(now). 


Number  per  acre  left  mider 
two  plans  proposed. 


2.  Gradual  conver- 

sion— sucoessiTe 

cuttings. 


First 
(now). 


Second 
(hi  6  to 
10  years). 


Class  I: 

Red  oak 

Black  oak 

White  oak 

Gray  birch 

Large-tooth  asi>en.' . 
Beech 


Red  oak... 
Black  oak.. 
White  oak. 


Class  n: 

White  pfaie.. 
Pitch  ptoe.. 

Class  m: 

Red  maple. . 


Gray  birch 

LargG-tooth  aspen . 

Beech 

Apple 


0) 


Class  IV: 
None.. 


White  pfaie.. 
Pitch  ptoe. . 


Red  maple... 
YeUow  birch. 
Black  birch.. 

Hickory 

Black  cherry. 
Elm 


(0 


(») 


11 


(») 


20 


« 


(») 


13 
3 


(») 


[;j 


13 


201 


11 


166 


1  T^ess  than  one  tree  per  acre. 

Planting  should  at  once  follow  the  first  cutting.  Red  or  white 
pine,  1,000  to  the  acre,  may  also  be  used  here,  but  a  larger  part  of 
the  area  is  suitable  for  white  ash.  It  is  possible  that  on  sites  of  this 
character  a  mixture  of  5  per  cent  of  tulip  tree  or  white  ash  with  tlie 
pine  would  be  advantageous.  White  ash  may  also  be  planted  pure 
on  deep  moist  soils  in  areas  not  exceeding  one-half  acre  in  extent. 

The  time  of  making  the  second  cutting  and  the  need  of  a  second 
planting  will  be  determined  by  the  same  considerations  as  at  Dover. 

The  product  of  the  first  cutting  will  be  cordwood,  7  or  8  cords  per 
acre,  and,  unless  tops  and  limbs  are  burned,  3  or  4  cords  of  poor  cord- 
wood  worth  less  than  it  cost  to  cut. 

The  costs  of  cutting  and  of  planting  should  not  differ  much  from 
those  at  Dover,  and  for  the  same  reasons  which  apply  there  the  first 
of  the  two  plans  proposed  is  preferable  from  considerations  of  forest 
management,  of  moth  control,  and  of  minimum  expe?ise. 
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STAND  AT  WARBHAM,  MASSACHUSBTTS. 

THX    MANAGEMENT    OF    A    TTFICAL    MIXED   OAK    STAND    WITH    ABOUT   TWO-TENTHS 

WHITE  OAK. 

The  woodlot  contained  nine  species,  but  since  scarlet,  white,  and 
black  oak  together  constituted  83  per  cent  of  the  whole,  it  may  be  con- 
sidered from  the  standpoint  of  management  as  a  mixed  oak  stand. 

It  differed  from  the. mixed  oak  stands  at  Dover  and  Exeter  in  that 
it  was  60  years  old,  scarlet  oak  was  present  and  formed  over  50  per 
cent  of  the  stand,  white  pine  was  more  numerous,  the  gipsy-moth 
infestation  was  very  light,  and  a  dense  growth  of  young  white  pine 
was  already  present  on  parts  of  the  lot 

The  soil  is  a  brown,  medium-textured,  sandy  loam  with  a  sprink- 
ling of  fine  gravel.  The  surface  2  or  3  inches  is  gray.  The  soil  is 
deep  and  naturally  well  drained. 

On  5.4  acres,  where  all  trees  were  measured,  those  trees  over  2.5 
inches  in  diameter  averaged  only  7  inches  in  diameter  breast  high. 
The  stand  was  even-aged  and  was  cut  clear  about  60  years  ago.  Many 
of  the  larger  trees  were  stagheaded  (dead  in  the  tops). 

Although  the  gipsy  moth  had  been  present  at  least  since  1911,  the 
infestation  in  1913  was  very  light,  averaging  only  about  12  egg  clus- 
ters per  acre,  and  the  damage  done  by  the  caterpillars  was  not  notice- 
able. The  defoliation  due  to  forest  tent  and  geometrid  caterpillars 
was  much  more  severe. 

The  owner  is  a  manufacturing  corporation  which  uses  the  lot  as 
a  source  of  supply  for  material  for  repairs  to  its  plant. 

This  cutting  of  the  larger  hardwood  trees  undoubtedly  accounts 
for  the  low  average  diameter  of  the  stand,  and  the  practice  of  making 
small  openings  probably  explains  the  presence  and  location  of  the 
dense  growth  of  small  white  pine  found  on  the  lot. 

This  land  is  well  suited  to  growing  potatoes,  berries,  and  other 
garden  truck,  but  if  it  is  to  be  kept  as  a  woodlot  the  stand  should  be 
converted  from  hardwoods  to  pine,  wholly  apart  from  considerations 
due  to  possible  damage  by  the  gipsy  moth.  This  can  be  accomplished 
by  clear  cutting  in  one  operation  or  in  two  successive  operations. 

One  cutting. — If  the  stand  is  cut  clear  in  one  operation,  all  hard- 
woods should  be  removed  and  especial  care  used  to  prevent,  as  far  as 
possible,  damage  to  the  young  pine  already  present,  which  should  be 
supplemented  by  planting  red  or  white  pine  on  areas  not  sufficiently 
stocked. 

Cleanings  will  be  needed,  about  three  in  all,  made  every  two  years, 
to  release  the  young  pine  from  the  hardwood  sprouts  which  are  use- 
ful at  first  in  providing  shade,  but,  if  not  removed,  will  in  a  short 
time  kill  out  much  of  the  pine.  If  cut  clear,  the  hardwoods  would 
yield  about  20  cords  per  acre,  but  as  this  lot  is  maintained  for  a 
special  purpose,  the  product  should  be  as  far  as  possible  cut  in  such 


uigiTizea  oy 


Qoo^ 


36         U.   S.   DEPARTMENT  OP  AGRICULTURE  BULLETIN   NO.  484. 

sizes  as  the  owner  requires  and  the  balance  put  into  cordwood.  Owing 
to  the  care  required  to  avoid  damage  to  young  growth,  the  cost  of 
cutting  will  be  high,  perhaps  $40  per  acre.  The  cost  of  necessary 
planting  (400  trees  per  acre)  will  average  $6  per  acre.  The  three 
cleanings  will  require  8  to  10  hours'  labor  of  one  man  per  acre.  The 
result  will  be  a  pure  stand  of  young  pine  on  good  soil,  which,  if  fires 
are  excluded,  should  grow  more  rapidly  and  yield  a  greater  quantity 
of  wood  of  higher  value  than  the  stand  which  it  replaced,  and  which 
in  addition  will  be  secure  against  gipsy-moth  attack. 

Successive  cuttings. — If  the  plan  is  adopted  of  gradually  convert- 
ing the  stand  from  hardwoods  to  pine,  two  cuttings  should  be  made. 
The  first  cutting,  to  be  made  at  once,  should  remove  all  dead,  dying, 
defective,  and  suppressed  trees.  As  the  gipsy  moth  is  not  present  in 
large  numbers,  the  heavy  cutting  of  Class  I  trees  (most  favored  food 
of  the  caterpillar)  is  not  as  important  as  in  stands  already  considered, 
but  since  there  are  almost  no  other  trees  present  except  pines,  the 
cutting  above  described  amounts  in  this  instance  to  practically  the 
same  thing  as  recommending  the  cutting  of  Class  I  trees  of  the  species 
found  on  this  lot.  The  object  should  be  to  cut  as  heavily  as  is  pos- 
sible without  exposing  the  ground  too  much  and  to  release  all  pines 
in  danger  of  suppression. 

The  hardwoods  left  should  be  as  far  as  possible  thrifty  individuals 
of  seedling  origin.  All  pines  likely  to  make  good  trees  should  also 
be  left.  About  50  or  60  per  cent  of  the  total  number  of  trees  present 
should  be  removed. 

The  areas  insufficiently  stocked  should  be  planted  at  once  with 
some  moth-resistant  conifer.  The  soil  is  not  suitable  for  any  of  the 
resistant  hardwoods.  Ked  or  white  pine  or  a  mixture  of  both  may 
be  used,  as  on  the  lots  previously  considered,  with  entire  confidence. 
Owing  to  the  young  growth  of  white  pine  already  present,  an  average 
of  400  plants  per  acre  for  the  whole  lot  will  be  sufficient. 

Cleanings,  about  three  in  all,  will  be  necessary  every  two  years,  as 
in  the  case  of  one  cutting.  These  will  meet  all  silvicultural  require- 
ments. 

The  second  cutting  should  be  made  just  as  soon  as  the  trees  planted 
are  established  and  have  gained  a  decisive  lead  over  the  sprouts  from 
stumps  of  trees  cut.  This  would  be  not  less  than  five  years  after  the 
first  cutting.  If  it  were  delayed  five  years  longer  the  planted  trees 
would  probably  be  secure  against  being  overtopped  by  sprouts  from 
the  second  cutting.  If  cut  after  the  first  five  years  a  cleaning  in 
the  second  and  another  in  the  fourth  year  would  probably  be  neces- 
sary. 

The  second  cutting  should  remove  all  remaining  hardwoods,  leav- 
ing only  conifers.  If  at  that  time  a  market  or  use  exists  for  a  small 
amount  of  low-grade  white  and  pitch  pine,  those  in  the  original 
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stand  might  be  cut  to  advantage,  leaving  an  even-aged  stand  of  pine, 
but  it  would  probably  be  better  to  leave  them  as  standards  to  supply 
some  extra-large  material  in  the  final  cutting  of  the  planted  stand. 

The  result  of  following  either  of  the  two  plans  of  cutting  in  this 
stand  appears  in  the  following  table : 


stand  and  cuttinff  table,  Wareham,  Mass, 

oak. 


Mixed  oak  stand,  ttoo-tenths  white 


Original  stand. 

Number] 
twop 

lans  proposed. 

Trees  which  oontrdl  if  hi  sufflcient 
munbera. 

Trees  which 

control  on 

this  lot. 

Other  spe- 
cies present. 

Number 
per  acre. 

1.  Radical 
conver- 
sion—one 
cutting 
(now). 

2.  Gradual  couYer- 
cutting?. 

First 
(now). 

Second 
(inStolO 
yeaiB). 

Cla»I: 

tipA  oAk 

Red  oak..... 

164 
66 
0) 

45 
5 

2 

Blade  oak 

Black  oak... 

12 
66 
10 

fiAATlAt  9«^ 

Scarlet  oak. 

Widteoak 

White  oak.. 

Oray  birch 

Greybln^.. 

Clasn: 

White  pine. 

White  pine.. 
Pitch  pine. 

45 
5 

43 
3 

8 

43 

Pitch  pme 

3 

Class  m: 

Rod  maple 

Red  maple.. 
Black  gum.. 

Black  mm 

Class  IV: 

None. 

306 

50 

133 

46 

1  Less  than 

1  tree  per  acre 

). 

As  to  the  products  of  cutting,  the  same  limitations  apply  that 
were  considered  under  the  plan  of  clear  cutting  in  one  operation. 
They  should  be,  as  far  as  possible,  what  the  owner  requires  and 
the  .balance  put  into  cordwood.  If  the  products  of  the  first  cutting 
were  all  cordwood,  there  would  be  about  12  or  13  cords  per  acre  of 
good  merchantable  wood. 

It  is  believed  that  with  the  small  white  pine  already  present  and 
the  planting  provided  for  above,  no  additional  planting  would  be 
necessary  to  replace  trees  which  may  die  or  which  may  be  destroyed 
in  the  second  cutting. 

The  cost  of  the  first  cutting  will  be  about  $20  per  acre  and  of 
the  second  cutting  about  $25  per  acre.  The  planting  suggested,  in- 
cluding stock,  will  cost  about  $6  per  acre.  The  biennial  cleanings 
after  the  first  and  second  cuttings  will  each  require  five  or  six  hours' 
labor  per  acre  of  a  careful  man.  The  cost  will,  of  course,  depend 
upon  local  conditions.  The  result  will  be  the  same  as  would  be  ob- 
tained by  clear  cutting  in  one  operation — a  stand  of  young  pine  on 
good  soil,  which,  if  fires  are  excluded,  should  grow  rapidly  and  yield 
a  greater  quantity  of  wood  of  higher  value  than  the  stand  which  it 
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replaced,  and  which  in  addition  will  be  secure  against  possible  dam- 
age by  the  gipsy  moth.  Of  the  two  plans  suggested,  the  former, 
removal  in  one  cutting,  is  preferable,  because  costs  of  cutting  and  of 
cleaning  will  be  less,  damage  to  planted  stock  will  be  eliminated,  and 
less  time  will  be  required  to  accomplish  the  conversion  of  the  stand. 
The  possibility  of  control  by  successive  cuttings  is  the  object  of 
experiments  now  in  progress  on  this  tod  other  lots.  Pending  their 
conclusion,  the  removal  in  one  cutting  i§  reconmiended  to  owners 
of  stands  of  this  character  who  wish  to  do  something  at  once. 

STAND  AT  MBDFIELD,  MASSACHUSETTS. 

XmS  KANAQEMENT  OF  A  TYPICAL  MIXED   HABDWOOD   STAND   WITH  ONB-TEETTH 

WHITE  OAK. 

The  woodlot  contained  only  six  species  on  1.3  acres,  but  the  three 
species  of  oak  and  the  chestnut  together  constituted  90  per  cent  of  the 
whole.  Since  chestnut,  the  leading  species,  formed  52  per  cent  of  the 
stand  and  is  a  controlling  tree  of  Class  II  (not  favored  food  until 
after  the  earlier  larval  stages)  and  is  present  in  sufficient  numbers, 
it  must  be  the  determining  factor  in  management. 

The  lot  slopes  gently  to  the  north  and  northeast  and  has  good 
soil,  a  brown  sandy  loam,  deep,  moist,  and  well  drained,  and  free 
from  stones. 

The  trees  averaged  6.6  inches  in  diameter  breast  high,  about  40 
years  old,  and  426  per  acre. 

The  gipsy-moth  infestation  was  first  found  in  1909  in  similar 
growth  on  the  adjoining  lot  to  the  east,  where,  in  spite  of  creosoting 
by  the  local  moth  superintendent,  40  per  cent  of  all  trees  and  80  per 
cent  of  the  white  oaks  had  died  by  1913.  On  the  lot  now  under 
consideration  the  gipsy-moth  infestation  in  1918  was  very  severe, 
but  less  than  10  per  cent  of  the  trees  were  dead. 

The  usual  form  of  management  recommended  by  foresters  for  a 
stand  of  this  character  is  the  simple  coppice  system,  using  a  rotation 
of  about  60  years,  with  several  thinnings.  This  means  merely  that 
the  stand  is  to  be  cut  clear  at  that  age  and  allowed  to  reproduce  by 
sprouting,  after  which  thinnings  are  made  if  possible  to  do  so  with- 
out loss.  To  secure  gipsy-moth  control  this  should  be  modified  by 
discriminating  against  the  oaks  and  eliminating  the  white  oak, 
which  latter  may  often  be  done  without  harmful  effects  sUviculturally 
in  cases  like  this  where  white  oak  forms  only  10  per  cent  of  the  stand. 

Successive  cuttings. — As  the  stand  has  not  been  under  management 
and  the  infestation  is  heavy,  the  first  cutting,  a  thinning,  should  be 
made  at  once  along  the  lines  indicated  above,  favoring  chestnut  and 
releasing  and  favoring  white  pine.  Fifty  per  cent  of  the  total  num> 
ber  of  trees  may  be  removed  without  unduly  exposing  the  ground 
and  with  real  benefit  from  a  general  silvicultural  standpoint.  The 
result  of  the  thinning  described  appears  in  the  following  table. 
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Stand  and  cutting  table,  Medfield,  Mass.    Mixed  hardtoood  stand,  one-tenth 

white  oak. 


OrigLaal  stand. 

Number  per  acre 

left  under  plan 

proposed, 

Trees  which  control  if  in  soffloMnt  numbers. 

Trees  which 

control 
on  this  lot. 

Other  species 
present. 

Number 
per  acre. 

Oradual  conver- 
sion—-fiuoces- 
sive  cuttings. 

First 
(now). 

Second 

(in  20 
years). 

Bedoak 

i^fldoak 

91 
29 
43 

88 
219^ 

6 

29 
126 

Black  oak 

Black  oak. 

Wbiteoak 

White  oak 

Cltssn: 

White  ptne 

Whitenina. 

82 
105 

1 

Chtftnit 

Chestiuit 

ClHsni: 

Wfld  mapto 

Red  maple.. 

ChasIV: 

Konfl. , 

426 

193 

0) 

I  In  theouttfng  actually  made  on  this  lot,  black  oak  was  favored  as  an  experiment,  so  the  table  does  not 
in  this  respect  conform  to  the  practice  suggested  in  the  text. 
*See  p.  88,  last  paragraph. 

PlantiBg  will  not  be  necessary,  but  cleanings  for  at  least  five 
years  (see  p.  29),  removing  all  sprouts  of  Class  I  trees,  will  be  of 
great  assistance  in  reducing  the  ,amount  of  food  available  for  first- 
stage  gipsy-moth  larvae  and  in  maintaining  the  altered  composition 
of  the  stand.  It  should  be  stated  frankly  in  this  connection  that  the 
entomologists  consider  the  removal  of  all  oaks  and  other  Class  I 
trees  as  the  safest  method  to  follow  in  controlling  the  gipsy  moth 
by  limiting  its  food  plants.  The  foresters,  however,  who  are  work- 
ing on  the  problem  consider  this  most  imdesirable  from  the  stand- 
point of  management.  Both  agree  that  the  help  to  be  expected 
throughout  the  infested  region  from  parasites  and  other  enemies 
and  periodical  outbreaks  of  the  wilt  disease,  combined  with  other 
measures  of  control,  may  eventually  cause  the  gradual  subsidence 
of  the  gipsy  moth  to  a  normal  place  among  other  injurious  insects. 

Under  the  plan  proposed,  the  second  cutting  will  not  take  place 
for  about  20  years  (the  end  of  the  rotation),  at  which  time  the  stand 
will  be  cut  clear.. 

By  leaving  the  chestnut  sprouts  following  the  thinning  and  the 
final  cutting  and  removing  sprouts  of  oaks  or  other  Class  I  trees  in 
the  cleanings,  the  representation  of  trees  of  this  class  in  the  succeed- 
ing stand  should  be  much  reduced.  By  contuiuing  the  same  process 
through  succeeding  rotations  all  Class  I  trees  may  be  removed,  and 
the  conversion  to  a  moth-resistant  stand  would  be  complete  in  80 
to  140  years. 
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The  products  of  the  first  cutting  will  be  chestnut  posts,  worth  10 
to  40  cents  each,  and  cordwood,  about  10  cords  per  acre,  worth  $4 
per  cord  on  the  lot.  In  addition  there  will  be  about  3  cords  of 
poor  cordwood  which  is  unsalable  in  the  region.  Unless  the  owner 
can  use  it  himself,  it  would  be  cheaper  to  bum  the  limbs  and  tops  as 
the  cutting  proceeds  than  to  pay  for  cutting  and  piling  this  low- 
grade  cordwood  and  then  let  it  rot  in  the  woods.  The  products  of 
the  second  cutting  will  be  chestnut  of  sizes  suitable  for  poles,  piles, 
lumber,  ties,  and  posts,  a  few  oak  ties  and  some  good  cordwood. 

The  cost  of  the  first  cutting  will  be  about  $40  an  acre,  which  should 
be  slightly  less  than  the  amount  realized  from  the  sale  of  the  prod- 
ucts. The  cost  of  the  second  cutting  will,  of  course,  depend  upon 
conditions  at  that  time,  about  20  years  hence,  but  the  value  of  the 
products  to  be  expected  should  yield  a  small  profit.  It  is  not  likely 
that  the  net  profit  of  the  first  Cutting  will  be  sufficient  to  cover  tJie 
cost  of  the  cleanings  recommended.  If  these  are  made  the  cosfc 
should  be  considered  as  a  premium  for  insurance  against  damage  by 
the  gipsy  moth. 

By  concentrating  our  attention  upon  the  gipsy-moth  problem  we 
are  in  danger  of  forgetting  the  chestnut-hark  disease  and  the  white- 
pine  blister  rust^  both  also  imported  from  abroad  and  perhaps  even 
more  difficult  to  control.  The  chestnut-bark  disease  is  present  on  the 
lot  now  under  consideration  and  generally  wherever  chestnut  is 
found  throughout  the  region  infested  by  the  gipsy  moth.  On  the  lot 
now  in  question  and  others  like  it,  where  a  large  percentage  of 
chestnut  is  present  and  the  control  of  the  gipsy  moth  is  the  im- 
mediate problem,  it  is  believed  to  be  wiser  to  use  the  chestnut  as 
long  as  it  lasts  rather  than  to  attempt  the  expensive  experiment  of 
a  radical  conversion  of  the  whole  stand  to  white  pine,  with  the  risk 
of  fire,  blister  rust,  and  white-pine  weevil.  Where  chestnut  does  not 
occur,  as  in  the  stands  previously  considered,  these  risks  may  be 
necessary.    Here  they  are  not. 


STAND  AT  AMBSBURT,  BfASSACHUSETTS. 

THE  MANAGEMENT  OF  A  TYPICAL  STAND  OF  OLD-FIELD  GROWTH   OF  PINE  AND  MIXED 
HABDWOODS   WITH  ONE-TWENTIETH   WHITE  OAK. 

This  lot,  used  as  a  pasture  until  15  years  ago,  contained  19  species 
of  trees  on  4.2  acres,  but  95  per  cent  of  the  whole  number  consisted 
of  the  following  eight  species,  in  the  proportions  indicated : 


Per  cent. 

Black  oak 16 

White  oak 5 

Gray  birch 21 

White  pine 28 

Pitch  pine 8 


Percent 

Red  maple 10 

Red  cedar 5 

White  ash 2 


Eight  species 
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The  other  11  specie^,  some  of  them  important  as  timber  trees  and 
some  from  the  standpoint  of  moth  resistance,  were  represented  on 
this  lot  by  too  few  trees  to  be  important  in  any  plan  of  management. 

The  soil  is  good,  a  brown  sandy  loam,  deep,  moist,  and  well 
drained,  and  the  lot  is  level,  except  for  a  small  area  where  water 
stands  late  into  the  spring.  It  is  free  from  rock  or  loose  stones. 
When  the  demand  for  agricultural  land  increases  sufficiently  this 
lot  undoubtedly  will  again  be  cleared  and  cultivated.  The  trees 
averaged  4.9  inches  in  diameter  breast  high,  the  same  as  the  Dover 
stand,  but  this  area  was  poorly  stocked,  the  stand  being  very  dense 
in  some  places  and  much  too  open  in  others,  with  an  average  of  321 
trees  per  acre.  The  infestation  by  the  gipsy  moth  was  very  severe  in 
1913.  Several  of  the  white  pines  were  almost  bare,  with  the  needles 
eaten  back  almost  to  the  sheath.  Others  were  from  one-half  to  three- 
fourtiiis  defoliated. 

The  present  growth  is  very  irregular  in  size,  and  if  the  stand  were 
not  infested  it  is  not  likely  that  any  owner 'would  consider  forest 
management  or  would  cut  the  lot  before  20  years  from  now,  at  which 
time  the  hardwoods  could  be  cut  clear  without  loss,  although  the 
product  would  be  only  cordwood.  But  if  management  were  begun 
now  the  object  would  be  to  get  rid  of  the  less  valuable  hardwoods, 
especially  gray  birch,  and  release  the  pine  and  more  valuable  hard- 
woods by  thinning. 

Since  the  stand  was  infested  and  Class  I  trees  (most  favored  food 
of  the  caterpillars)  formed  only  45  per  cent  of  the  stand,  to  cut  clear 
now,  as  was  recommended  in  the  stands  previously  discussed,  would 
be  an  imnecessary  waste  of  good  species  well  started.  Nor  can  suc- 
cessive cuttings  be  recommended  in  stands  of  this  character.  If  the 
danger  of  soil  ^exposure  were  serious  enough  to  warrant  the  ex- 
pense, the  Class  I  trees  might  be  removed  in  two  successive  cuttings 
as  previously  described ;  but  when,  as  in  this  case,  55  per  cent  of  the 
stand  consists  of  trees  in  Classes  II,  III,  and  IV,  the  soil  exposure, 
considering  the  small  area  involved,  would  probably  not  be  a  con- 
trolling factor. 

Gipsy-moth  cutting. — ^Immediate  protection  against  further  dam- 
age by  the  gipsy  moth  can  be  secured  by  what  may  be  called  a 
"  gipsy-moth  cutting." 

In  its  effect  upon  tree  species  which  are  favored  food  of  gipsy- 
moth  caterpillars  this  resembles  a  damage  cutting  in  that  silvicul- 
tural  considerations  are  wholly  disregarded  as  far  as  these  species 
are  concerned.  All  Class  I  trees  of  whatever  species  are  removed, 
whether  of  merchantable  size  or  not.  At  the  same  time  any  dead 
trees  are  cut,  and  a  light  thinning,  combined  with  a  liberation 
cutting,  is  made  in  the  trees  of  Classes  II,  III,  and  IV.  To  be 
effective  •  this  must  be  followed  by  planting  some  moth-resistant 
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species  suitable  to  the  site  and  by  cleanings  until  these  are  estab- 
lished, probably  for  at  least  five  years.  (See  p.  29.)  Owing  to 
the  great  number  of  very  small  trees,  between"  1  inch  and  2.5  inches 
in  diameter  breast  high,  the  cost  per  cord  will  be  high  and  the 
product  poor  cordwood,  about  7  or  8  cords  per  acre. 

For  planting  on  such  sites,  red  or  white  pine  or  a  mixture  of  both 
is  recommended,  with  white  ash  in  the  moister  situations.  Tulip 
tree  should  also  do  well  on  site^  suitable  for  white  ash,  but  if  used 
it  should  be  considered  as  an  experiment.  Under  the  conditions 
obtaining  on  this  lot,  planting  an  average  of  600  trees  per  acre  should 
be  sufficient,  and  the  cost  will  be  $8  to  $10  per  acre. . 

The  possibility  of  control  without  removing  all  Class  I  trees  is 
the  object  of  experiments  now  being  conducted  on  this  and  other  lots. 
Pending  their  conclusion,  the  above  suggestions  are  made  to  guide 
owners  who  wish  to  do  something  at  once.  Neither  clear  cutting  nor 
successive  cuttings  can  be  recommended  in  stands  of  this  age  and 
character,  and  a  gipsy-moth  oitting  can  be  recommended  only  for 
owners  who  put  gipsy-moth  control  above  all  other  considerations. 

The  result  of  the  three  plans  is  compared  in  the  table  following. 


Stand  and  cutting  table,  Ameshury,  Mass, 

white  oak. 


Old-fleld  growth^  one-tioenticth 


Original  stand. 

Number  per  acre  left  under  three  phns 
described. 

Trees  which  oontrol 
numbers. 

Trees  which 

oontrol  on 

this  lot. 

other  species 
present. 

Number 
per  acre. 

1.  Radical 
conver- 
sion—one 
cutttaig 
(now). 

2.  Gradual  conver- 

sion-~succ«ssive 

cuttings. 

'•SSf- 

First 
(now>. 

Second 
(in  5  to 
lOyetB). 

^).^' 

Class  I: 

Red  oak 

Red  oak 

16 

1 
08 

90 
27 
0) 

33 

?! 

15 

Black  oak 

Black  oak... 

27 
8 

White  oak 

White  oak . . 

Swamp  white  oak. 

Gray  birch 

Gray  birch.. 

14 

Aspen 

Aspen 

Apple 

Class  n: 

White  pine 

White  pine.. 

00 
27 

00 
6 
0) 

22 

M 

15 

00 
6 

90 

Pitch  pine 

Pitch  ptae... 

6 

Chestnut 

Chestnut 

22 

Class  in: 

Red  maple 

Red  maple. . 

Blank  birch 

Hickory 

0) 

l\ 

Wild  red  cherry... 
Elm 

M 

Hop  hornbeam 

15 

Class  TV: 

Redoedar 

Red  cedar... 

15 

15 

Butternut 

^^     7 

White  ash 

White  ash... 

7 

321 

139 

187 

118 

lU 

1  Less  than  1  per  acre. 
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STAND  AT  NORTH  BERWICK.  MAINE. 

MANAGEMENT  OF  A  TYPICAL  .STAND  OF  NOBTHEBN  HABDWOODS  WITH  NO  WHITE  OAK. 

This  lot,  4  miles  from  a  prosperous  manufacturing  town,  while 
within  the  white-pine  region,  had  a  stand  characteristic  of  the 
northern  hardwoods  region.  It  contained  14  species  of  trees  on  3.4 
acres,  but  98  per  cent  consisted  of  the  following  nine  species  in  the 
proportions  indicated : 


Per  cent. 

Black  birch J 4 

Yellow  birch 3 

Hop  hornbeam 16 

Nine  species 88 


Percent. 

Red  oak ^ 2 

Paper  birch 2 

Beech 45 

Hemlock 4 

Red  maple 8 

Sugar  maple 14 

The  soil  is  a  sandy  loam,  deep  and  well  drained.  The  surface  is 
very  uneven,  steep  in  places  and  thickly  covered  with  large  stones 
and  small  boulders. 

The  trees  averaged  6.5  inches  in  diameter,  breast  high,  but  varied 
greatly  in  size,  the  average  for  the  different  species  ranging  from  3 
to  15.2  inches,  with  a  few  individual  trees  ranging  up  to  31  inches  in 
diameter.  The  gipsy-moth  infestation  in  1913  was  exceedingly  light, 
only  one  egg  cluster  per  acre,  and  had  not  increased  much  by  1915, 
although  in  that  year  other  woodlots  in  the  neighborhood  were 
severely  defoliated. 

Under  present  economic  conditions  the  general  application  of 
forest  management  to  such  lots  as  this  is  not  to  be  expected,  but  the 
possibility  of  controlling  the  gipsy  moth  by  this  means  is  considered 
here,  to  complete  the  comparison  between  typical  stands  found 
within  the  white-pine  region,  and  for  its  possible  application  in 
special  cases.  The  Class  I  trees  (favored  food  of  the  caterpillars)  are 
red  oak,  paper  birch,  and  beech.  Of  these  beech  is  the  least  valuable 
commercially,  unless  there  happens  to  be  a  local  demand  for  the  wood, 
but  it  is  the  most  desirable  from  the  standpoint  of  gipsy-moth  qpntrol. 
As  a  result  of  his  observations,  Mosher  draws  this  conclusion :  "  It  is 
evident  that  the  beech  must  be  associated  in  a  mixture  with  one  or 
more  favored  species  in  order  that  the  gipsy  moth  may  reproduce 
normally." 

Anything  which  adversely  affects  the  normal  reproduction  of  the 
moth  is  of  value  as  a  control  measure.  Mosher's  conclusion  as  to 
beech  would  place  it  for  purposes  of  control  by  forest  management 
among  Class  III  trees,  especially  if  other  Class  I  trees  were  removed 
from  the  stand.  It  should  also  be  remembered,  in  this  connection, 
that  there  is  a  wide  range  in  susceptibility  to  gipsy-moth  attack,  not 
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only  between  the  species  iii  Mosher's  four  classes,  but  also  between 
the  different  species  in  each  class. 

Uneven-aged  stands. — In  uneven-aged  stands  a  modified  form  of 
the  selection  system  should  be  used,  cutting  to  a  diameter  limit  of 
approximately  12  to  14  inches,  which  limit,  however,  should  not  be 
strictly  applied. 

Of  course,  the  same  treatment  can  not  be  applied  to  even-aged  and 
to  uneven-aged  stands.  The  stand  now  under  discussion  is  of  the 
latter  form,  which  will  be  first  considered. 

The  selection  system  may  be  briefly  explained  as  follows:  It  is 
the  reverse  of  the  clear-cutting  systems  already  described  as  appli- 
cable to  stands  like  those  at  Dover,  Exeter,  Wareham,  and  Medfield. 
The  whole  area  remains  continually  covered  with  trees  which,  when 
all  ages  and  sizes  are  represented,  mingled  singly  or  in  groups,  are 
called  a  selection  forest.^  In  the  selection  system  of  cutting  and 
securing  reproduction  the  cuttings  are  made  annually  or  at  longer 
intervals,  the  mature  trees  being  selected  and  those  not  mature  .left. 
To  maintain  a  stand  indefinitely  under  this  system  it  is  essential  that 
no  more  trees  be  cut  than  will  equal  in  volume  the  growth  of  wood 
put  on  by  the  whole  stand  in  the  year  or  other  interval  between  cut- 
tings. 

In  managing  old,  uneven-aged  stands  which  have  not  previously 
been  under  management,  one  of  the  first  steps  is  to  decide  upon  the 
approximate  rotation  to  use,  for  example,  100  years,  and  then  to 
remove  as  far  as  is  possible,  without  making  too  large  openings  in 
the  crown  cover,  all  trees  too  large  to  be  grown  in  that  length  of 
time. 

In  stands  like  the  one  under  discussion  it  would  be  well  to  do  this 
and  also,  in  the  first  cutting,  to  eliminate  red  oak  and  reduce  as  much 
as  is  possible,  with  due  regard  to  silvicultural  considerations,  paper 
birch  and  other  intolerant  species  of  Class  I  trees,  which  form  a  very 
small  percentage  of  the  stand  and  can.  not  maintain  themselves  in 
stands  with  a  large  percentage  of  tolerant  trees.  The  cuttings  should 
each  be  accompanied  by  a  thinning,  removing  aU  dead,  dying,  defec- 
tive, or  suppressed  trees,  regardless  of  their  species,  but  leaving  any 
the  removal  of  which  would  expose  the  ground  too  much.  The 
selection  cuttings  and  thinning  combined  may  remove  as  much  as 
50  per  cent  of  the  original  stand,  leaving  about  200  trees  i)er  acre. 
In  this  stand  the  result  upon  each  size  cla^  present  is  shown  in  the 
table  on  page  46.  The  result  upon  the  representation  of  each  species 
appears  in  the  following  table. 

1  Bee  table,  p.  46. 
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8tamd  and  cutting  table.  North  BeruHck,  Me.   Northern  hardtoooiU  stand  toith  no 

white  oak. 


• 

Original  stand. 

Number 
per  acre 
left  after 
cutting 
described 
on  p.  44. 

Trees  ^ghUb.  control  if  in  sufflotont  numbers.! 

Trees  which 

control  on 

this  lot. 

Other  species 

Number 
per 
acre. 

ClasBl: 

Bf^loak.. 

Red  oak 

7 
2 
182 
7 
5 

10 

33 
66 

11 
16 

6 

linm-tooth  anDen r 

Large-tooth  aspen. 

B^^..^v::::::.:;::::::::::::;:::: 

Beech 

77 

Paper  birch 

Baaswood 

3 

2 

Class  n: 

Hemlock 

Hemlocdu... 

14 

daasIII: 

Red  ntaple • 

19 

*i*nfff  msDle. 

Sugar  mi^le 

29 

Yellow  birdi 

Black  birch 

Tcitn 

7 

9 

Herabeam>. 
White  Mh.. 

(*) 

29 

CI«»IV: 

Whtt^flWh 

5 

B1aQka"h    , 

406 

194 

>  A  Ust  of  ccastroUing  trees  Ibr  the  northern  hardwoods  region  would  differ  from  this  one,  prepared  for 
the  white-pine  regioii.    See  hornbeam  above. 
*  IMS  ttum  one  tree  per  acre. 

For  effective  gipsy-moth  control  cleanings  will  be  necessary  for  at 
least  five  years  (see  p.  29),  but  the  expense  may  be  greatly  reduced  by 
confining  these  to  the  sprouts  of  all  Class  I  trees  cut,  excepting  the 
lieech,  on  which,  as  already  stated,  the  gipsy  moth  is  not  likely  to 
reproduce  normally,  unless  beech  is  in  mixture  with  other  favored 
species. 

Another  method  of  controlling  sprouts  is  to  turn  cattle  into  a  lot 
to  pasture.  The  practice  of  pasturing  cattle  in  woodlots  is  followed 
by  some  owners  wholly  apart  from  any  silvicultural  considerations. 
It  had  been  done  on  the  lot  now  under  discussion,  with  the  result 
that  it  was  almost  entirely  free  of  undergrowth  of  all  kinds.  Forest- 
ers condemn  the  practice,  for  cattle  do  not  always  discriminate  be- 
tween sprouts  and  seedlings  or  between  valuable  and  worthless 
species,  and  the  result  is  a  loss  of  young  growth  desirable  in  any  form 
of  management  and  essential  to  the  success  of  stands  managed  under 
the  selection  system.  In  stands  containing  a  very  large  percentage  of 
trees  which  are  favored  food  of  the  gipsy-moth  caterpillars,  which  it 
is  desired  to  replace  by  planting,  carefully  regulated  pasturing  by 
cattle  or  by  goats  might  control  the  hardwood  sprouts,  if  done  for 
several  successive  seasons  after  clear  cutting  and  before  planting, 
but  there  is  danger  of  exposing  the  ground  so  much  that  it  would  dry 
out  and  entail  a  large  loss  among  the  trees  when  planted.  It  is  not 
recommended    If  done  it  should  be  on  a  small  scale,  experimentally. 
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In  spite  of  the  large  size  of  some  of  the  trees,  the  product  of  the 
first  cutting  will  probably  be  chiefly  cordwood,  as  the  large  trees  in 
such  lots  are  often  hollow  at  the  center.  If  they  prove  to  be  soand, 
and  a  mill  is  accessible,  they  would,  of  course,  be  put  into  logs  for 
sawing.  On  this  lot  the  actual  product  of  such  a  cutting  as  the  cme 
just  described  was  20  cords  of  cordwood  and  2,800  board  feet  of  logs 
per  acre,  the  whole  equivalent  to  about  25  cords  of  cordwood. 

If  the  stand  remaining  can  fairly  be  described  as  a  selection  forest, 
that  is,  if  all  ages  and  sizes  within  the  rotation  and  diameter  limit 
adopted  are  sufficiently  represented,  management  may  be  continued 
us  it  was  begun  on  the  selection  system. 

This  was  the  case  in  the  lot  now  under  consideration,  as  is  shown  in 
the  following  table. 

Stand  at  North  Berwick,  Me.,  typical  of  an  unmanaged  or  natural-selection 

forest. 


Number  of  trees  per  acre 

aUye. 

Diameter  breast  high. 

Before 
outttng. 

After 
cutting. 

Jndut. 
1 

79 
98 

87 

^ 

41 

33 

31 

23 

18 

12 

10 

7 

7 

4 

2 

1 
1 

m 

:' 

0) 

82 
35 
29 
27 
26 
21 
17 
23 
19 
10 
8 
6 
3 
2 
2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 

12 

13 

14 

15 

16 

17 

(0 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 



29 

80 

31 

6) 

Total  > 

679 
4 

260 
1 

Total  fAfa\i\           

583 
177 

261 
67 

Over  2  biches 

406 

194 

>  Less  than  one  tree  per  acre  of  sice  indicated. 

Non.— First  cuttinf  made  to  a  diameter  limit  of  approximately  12  to  14  Inches,  which  was  not  ^trletlT 

enforced.    Stand  also  thinned  at  the  same  time  to  remove  dead,  dying,  defective,  and  suppressed  f 

Red  oak  eliminated.  »    *— •»  *-!- 
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It  should  be  remembered  that  equal  numbers  in  all  size  classes 
would  not  be  a  sufficient  representation  to  make  a  many-aged  stand 
a  selection  forest,  in  the  sense  that  that  term  is  used  here,  and  that 
where  suppressed  trees  have  been  removed  equal  sizes  may  be  roughly 
accepted  as  an  indication  of  equal  ages,  although  a  wide  variation 
actually  exists  in  these  respects.  To  insure  the  perpetuation  of  a 
selection  forest  managed  on  the  selection  system  there  must  be  a  much 
greater  representation  of  the  smaller  than  of  the  larger  trees.  Theo- 
retically, if  a  rotation  of  100  years  is  adopted  and  cuttings  are 
planned  to  be  made  every  10  years,  the  trees  should  be  divided  into  10 
classes,  each  of  which  should  occupy  one-tenth  of  the  available  groimd 
area  and  crown  space. 

In  stands  other  than  that  now  under  consideration,  it  might  well 
happen  that  the  stand  remaining  after  the  cuttings  and  thinning  had 
been  made  could  be  described  better  as  an  even-aged  than  as  a  selec- 
tion forest.  The  representation  of  trees  in  the  smaller  size  classes 
might  be  much  more  even  aged  than  that  of  the  trees  in  the  larger 
size  classes  which  were  remo.v^d  and  which  gave  it  originally  the 
characteristics  of  a  selection  forest.  This  is  likely  to  be  the  case  in 
stands  "which  have  been  heavily  pastured  for  a  long  period  of  years. 
In  such  cases  the  form  of  management  should  be  changed  from  the 
"selection''  system  described  above  to  the  "shelter- wood "  system. 

Evenroged  stands. — In  even-aged  stands,  whether  occurring  nat- 
urally or  produced  by  the  management  of  imeven-aged  stands  as  sug- 
ge^ed  above,  the  shelter- wood  system  may  be  used  with  a  rotation  of 
70  to  100  years.  The  shelter-wood  system  somewhat  resembles  the 
system  of  successive  cuttings,  already  described  for  other  plots,  ex- 
cept that  the  interval  between  cuttings  is  longer,  natural  reproduction 
instead  of  planting  is  depended  upon  to  secure  a  new  stand,  and  care 
is  taken  to  maintain  as  nearly  as  possible  a  crown  cover  of  uniform 
density  over  the  whole  area.  This  system  is  not  likely  to  be  practi- 
cable for  stands  of  this  kind  in  the  immediate  future.  The  essential 
principles  of  its  application  are  to  open  the  stand  gradually  in  order 
to  prevent  too  sudden  exposure  of  existing  young  growth  and  to 
secure  additional  reproduction  under  the  shelter  of  the  old  stand 
before  it  is  wholly  removed.  The  possibility  of  using  it  depends 
chiefly  upon  market  conditicms  and  logging  costs.  When  these  are 
most  favorable  several  cuttings  are  made,  but  imder  present  Amer- 
ican conditions  not  more  than  two  cuttings  are  possible. 

The  first  cutting  is  made  about  20  years  before  the  end  of  the  rota- 
tion, removing  about  half  of  the  original  number  of  trees.  After 
reproduction  is  secured  and  is  well  started,  the  remainder  of  the 
original  stand  is  removed  in  a  final  cutting. 
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With  the  faster  growing  species,  like  white  ash,  basswood,  and  red 
oak,  a  rotation  of  70  years  may  be  used,  but  100  years  are  needed  for 
the  slower  growing  hardwoods.  Considering  the  species  which 
must  be  favored  if  the  object  is  gipsy-moth  control,  a  rotation  of  100 
years  would  be  necessary. 

Planting. — In  the  northern  hardwoods  region,  of  which  this  stand 
is  typical,  the  greater  part  of  the  woodland  must  be  kept  growing 
hardwoods  for  many  years  to  come.  Where  intensive  methods  are 
pjossible,  the  more  poorly  stocked  areas  may  be  changed  from  hard- 
wood to  coniferous  stands. 

The  desirability  of  this  change  from  the  standpoint  of  gipsy-moth 
control  will  depend  in  each  case  upon  the  composition  of  the  actual 
stand  under  consideration. 

The  change  can  be  made  best  by  planting,  which  it  is  believed  has 
already  been  sufficiently  considered  in  the  discussion  of  other  stands. 

In  view  of  its  freedom  from  attack  by  the  white-pine  blister  rust 
it  is  desired  to  emphasize  the  increased  importance  of  red,  or  Nor- 
way pine  for  planting  in  the  region  infested  with  the  gipi^  moth. 

CONCLUSIONS. 

No  single  rule  or  simple  formula  can  be  given  by  which  to  secure 
in  woodlands  the  control  of  the  gipsy  moth  by  forest  management. 
Each  lot  and  each  combination  of  species  presents  a  problem  in 
which  the  controlling  factors  are  site,  soil,  location,  market,  species 
present,  their  value  and  relative  proportion,  the  degree  of  infestation, 
and  the  cost  of  labor. 

In  many  cases  these  factors  combine  in  such  a  way  that  manage- 
ment is  economically  impossible. 

It  is  believed  that  the  suggestions  contained  herein  have  been 
made  so  definite  that  a  careful  reading  will  enable  any  owner  or  other 
person  interested  in  the  problem  to  discriminate  between  results 
which  may  and  those  which  may  not  reasonably  be  expected  under 
certain  conditions,  which  have  been  selected  because  typical  of  those 
on  large  areas  within  the  infested  region. 

While  we  are  waiting  for  definite  results  from  the  various  experi- 
ments now  in  progress,  some  of  which  have  been  referred  to  in  the 
preceding  pages^  it  is  well  for  foresters  and  entomologists  squarely  to 
face  the  fact  that  the  possible  field  of  forest  management  as  a  method 
of  controlling  the  gipsy  moth  is  strictly  limited. 

Even  in  the  mixed  hardwoods  type,  where  success  may  in  some 
cases  reasonably  be  expected,  the  cost  will  often  be  prrfiibitive. 

In  other  forest  tjrpes,  and  in  the  other  forest  regions  within  the 
area  now  infested  by  the  gipsy  moth,  general  control  by  forest  man- 
agement may  or  may  not  prove  to  be  an  economic  possibility. 
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Throughout  the  infested  region  much  may  be  expected  from  out- 
breaks of  the  wilt  disease  and  the  gradual  subsidence  of  the  gipsy 
moth  to  a  normal  place  among  other  injurious  insects. 

To  control  the  moth  in  many  of  the  stands  of  the  mixed-hardwoods 
type  of  the  white-pine  region,  spraying  and  creosoting  must  be  used, 
while  birds,  parasites,  and  insect  enemies  must  do  their  part. 

In  severe  infestations  forest  management  may  be  less  eicpensive 
than  sprajdng  and  creosoting  and  has  the  advantage  of  being  con- 
structive instead  of  merely  palliative,  but  it  can  not  be  recommended 
as  a  method  of  relief  for  general  indiscriminate  appliration  by  States, 
cities,  towns,  and  private  owners  of  woodlands  throughout  the  infested 
region. 


Digitized  by 


Google 


Digitized  by 


Google 


APPENDIX. 


SPiaSS  WHICH  ARE   NOT  CONTROLLING  TREES  IN   THE  WHITE-PINE   REGION. 


Glass  III. — Not  particularly  favored 
food — Ck>ntinuecL 

CJottonwood.* 
Elm,  American.' 
Elm,  Slippery.* 
Gum,  Black.* 
Hickory,  Bltternut* 
Hickory,  Mockernut* 
Hickory,  Pignut.* 
Hickory,  Shagbark.* 
Hop  Hornbeam."'  * 
Maple,  Silver.* 
Poplar,  SUver.* 
Sassafras.*' " 

Class  IV. — Unfavored  food. 

Arborritae.* 

Ash,  Black.* 

Ash,  Red.*  , 

Balsam  Fir.* 

Butternut* 

Dogwood,  Flowering.*' * 

Hackberry.* 

Holly,  American.* 

Laurel,  Mountain."** 

Locust,  Black.* 

Locust,  Honey.* 

Maple,  Mountain.*** 

Maple,  Striped.** 

Mulberry,  Red.* 

Sheepberry.**  * 

Sycamore.* 

Tulip.* 

Walnut,  Black.* 

PUBUCATIONS  OF  U.  S.  DEPARTMENT  OF  AGRICULTURE  ON  THE 

GIPSY  MOTH. 

1.  FARMERS'  BULLETINS. 

No. 

275.  The  Gipsy  Moth  and  How  to  Control  It  L.  O.  Howard,  1907.  22  pages, 
lllus.    (Superseded  by  No.  564.) 

453.  Danger  of  General  Spread  of  the  Gipsy  and  Brown-tail  Moths  through  Im- 
ported Nursery  Stock.    C.  L.  Marlatt,  1911.    22  pages,  illus. 

'Occurs  infreqnently. 
■Of  low  yalne. 

'  A  few  stands  in  the  region  may  be  found  where  this  species  is  sufficiently  represented 
to  require  consideration  in  making  plans  of  management. 
'Always  smaU  in  this  region. 
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Class  I. — Favored  food  of  gipsy-moth 
larvw  in  aU  stages. 

Ash,  Mountain.^'  * 

Balm  of  Gilead.^ 

Basswood.' 

Birch,  Paper.* 

Birch,  River.'-  * 

Boxelder.^  • 

Oak,  Bur.* 

Oak,  Chestnut* 

Oak,  Pin.* 

Oak,  Post.* 

Oak,  Swamp  whita* 

Service  Berry."* 

Sumac,  Dwarf.**  * 

Sumac,  Staghom.*'* 

Tamarack.* 

WUlow,  Glaucous.*'* 

Witch  Hazel.*'  * 

Class  II. — Favored  food  after  earlier 

stages. 
Pine.  Red.* 
Spruce.  Black.* 
Spmce.  Red.* 
Spruce,  White.* 

Class  III. — Not  particularly  favored 

food. 
Birch,  Black.* 
Blrdi,  Yellow.* 
Beech,  Blue.*'  * 
Cherry,  Black.*    • 
ChOTTT,  Choke.*'* 
Cherry.  Wild  Red.*-  * 


Digitized  by 


Google 


52         U.   S.  DEPARTMENT  OF  AGRICULTURE  BULLETIN   NO.  484. 
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trol.   A.  F.  Burgess,  1914.    24  pages,  illus. 
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dinpar  in  Massachusetts  and  of  Efforts  Made  by  the  State  to  Repress 
and  Exterminate  It.    L.  O.  Howard,  1897.    39  pages,  illua,  maps. 

67.*  Proceedings  19th.  Annual  Meeting  Association  of  Economic  Entomologists, 
1907.  Pages  22-26.  Occurrence  of  the  Gipsy  Moth  in  Connecticut  W.  E. 
Britton. 

87.  Report  on  Field  Work  against  Gipsy  Moth.  D.  M.  Rogers  and  A.  F.  Bur- 
gess, 1910.    81  pages,  illus.,  map.    , 

91.  Importation  into  the  United  States  of  Parasites  of  the  Gipsy  Moth  and  the 
Brown-tail  Moth.    L.  O.  Howard  and  W.  F.  Fiske,  1911.    344  pages,  iRua. 
maps. 
101.  Calosoma  sycophanta :  Its  Life  History,  Behavior,  and  Successful  CJoloniza- 

tion  in  New  England.    A.  F.  Burgess,  1911.    94  pages,  illus.,  map. 
119.  The  Dispersion  of  the  Gipsy  Moth.    A.  F.  Burgess,  1918.    62  pages,  illus., 
map. 

4.  DEPARTMENT  BULLETINS. 

204.  Report  on  the  Gipsy  Moth  Work  in  New  England.    A.  F.  Burgess,  1915.    32 
pages,  illus.,  maps.. 

250.  Food  Plants  of  the  Gipsy  Moth  in  America.    F.  H.  Mosher,  1915.    89  pages, 

illus. 

251.  The  Calosoma  Beetle   {Calosoma  sycophanta)   in  New  £2nglaiid.     A.  F. 

Burgess  and  C.  W.  Collins,  1915.    40  pages,  illus.,  map. 
273.  Dispersion  of  Gipsy  Moth  Larvffi  by  the  Wind.    C.  W.  Ck)lliiis,  1815.    23 
pages,  illus.,  maps. 

5.  OTHER  DEPARTMENTAL  PUBUCATIONS. 

Gipsy  and  Brown-tail  Moths  and  their  European  Parasites.     L.  O.  Howard. 

Yearbook  of  the  Department  of  Agriculture  for  1905.    Pages  128  to  138,  illua 
Wilt  of  Gipsy  Moth  Caterpillars.    R.  W.  Glaser.    Jour,  of  Agr.  Research,  1915, 

Vol.  IV,  No.  2,  pages  101  to  128,  illus. 
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STATISTICAL  ESTIMATES  OF  VARIETIES. 

From  a  study  made  in  1910  of  nursery  catalogues  issued  for  that 
year  it  appeared  that  the  nurserymen  of  the  United  States  were  then 
offering  to  the  trade  trees  of  at  least  500  different  varieties  of  apples. 
It  is  to  be  assumed  there  was  some  demand  for  most  of  the  varieties 
catalogued,  otherwise  there  would  have  been  no  inducement  to  propa- 
gate them.  The  number  of  varieties  offered  for  sale  at  the  present 
time  is  doubtless  somewhat  less  than  it  was  in  1910,  as  there  is  a 
tendency  to  decrease  rather  than  to  increase  it,  but  the  decrease  is  not 
very  rapid. 

Note. — This  bulletin  is  of  general  interest  to  those  concerned  with  the  apple  Industry. 
The  information  which  it  contains  In  regard  to  the  areas  where  apples  are  grown  exten- 
■iTely  and  the  principal  varieties  produced  in  them  is  based  largely  on  reports  received 
from  correspondents  who  were  requested  to  supply  such  information  and  who  were  ad- 
dressed in  this  connection  because  of  their  familiarity  with  the  fruit  interests  in  the 
States  in  which  they  live.  All  diagrams  and  figures  showing  estimates,  except  as  noted, 
have  been  contributed  by  the  Bureau  of  Crop  Estimates. 
63«C4»— Bun.  48&— 17 ^l 
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However,  the  number  of  varieties  that  are  produced  in  large  quan- 
tities is  relatively  smalL  This  is  shown  in  figure  1,  where  each  bar 
represents  the  estimated  average  relative  proportion  of  the  variety 
indicated  in  the  crops  for  1909  to  1913,  inclusive.  The  proportions 
are  shown  also  in  Table  I  in  barrels  and  percentages.  The  total  yield 
is  based  on  the  report  of  the  Thirteenth  Census  (for  1909)  and  upon 
the  reports  of  crop  correspondents  of  the  Bureau  of  Crop  Estimates. 

Table  I. — Estimated  average  production  of  S5  of  the  most  important  varieties  cf 
apples,  shotoinff  the  percentage  relation  of  each  variety  to  the  entire  crop,  for 
the  years  1909  to  1913,  inclusive. 


Variety, 


Rela. 

Prodiv* 

tlonto 

ikm. 

total 

crop. 

BarreU, 

PereL 

269,000 

as 

393,000 

•7| 

499,000 

.8 

W3,000 

.9 

526,000 

.9 

630,000 

.9 

645,000 

.9 

653,000 

.9 

692,000 

1.0 

619,000 

LI 

n6,ooo 

L3 

797,000 

L4 

830,000 

L4 

845,000 

L4 

893,000 

L6 

907,000 

L6 

914,000 

L6 

915,000 

L6 

927,000 

L6 

968,000 

... 

Variety. 


Ppodno- 
tton. 


Rela- 
Uimto 
total 

CfOpk. 


White  Pearmaln  ( FTM««  Fill. 

ter  Pearmain) 

Arkaiifiaa  i  Mammoth  Black 

Twig) 

Missouri  ( Mistouri  Pippin).. . 

Wolf  River 

Arkansas  Black 

Kclntosh  ( Mcintosh  Red) 

Horse(  Yellow  Horse) 

Northwestern 

Tolman  (  Talman  Sweet) 

Oravonsteln 

Fameuse  (5noic) 

Tompkins    King    {King    of 

Tampkint  County) 

Golden  Russet 

Yellow  BeDflower 

Yellow  Transparent 

Stayman  Winesap 

Red  June(  Carolina  Red  June) 
Llmbertwig  (Red  Limbertwig). 

Oano 

Yellow  Newtown  (Albemarle; 

Newtown  Pippin) 


FallPipplii. 

Oldenburg  (Dueheta  ofOldm- 

RedAstraehan.JI!!!! '.. 

Maiden  Blush 

York  Imperial  (Johnwn  Fine 

Winter) 

Grimes  (  Grimes  Go2(f0n) 

Wealthy 

Early  Harvest  (Princ^e  Har- 

veet) 

Rome  Beauty 

Jonathan 

Rhode  Island  Greening 

(Greening) 

Winesap 

Northern  Spy 

Ben  Davis 

Baldwin 

Other  varieties 

Total 


Barrels. 
968,000 

1,007,000 
1,120,000 
1,203,000 

1,262,000 
1,294,000 
1,322,000 

1,641,000 
1,813,000 
2,135,000 

2,767,000 
8,012,000 
3,570,000 
7,833,000 
7,861,000 
6,109,000 


68,827,000 


PereL 
L7 

L9 
L9 
X6 

II 
X3 
X2 

X8 

XI 
X6 

4.T 
XI 
XI 
1X3 
1X4 
1X4 


IflO 


It  is  to  be  observed  that  there  are  but  35  varieties  named  in  figure 
1  and  Table  I,  or  only  about  7  per  cent  of  the  number  which  doubt- 
less were  being  planted  more  or  less  in  different  parts  of  the  country 
during  the  period  covered  by  these  records.  These  35  varieties  in- 
clude all  those  which  constituted,  as  estimated,  one-half  of  1  per 
cent  (0.5  per  cent)  or  more  of  the  entire  crop  of  the  country. 

It  will  be  noted  also  that  these  35  varieties  constituted  nearly  90 
per  cent  of  the  entire  crop,  wliile  "other  varieties,"  that  is,  those 
not  mentioned  by  name  and  which  doubtless  numbered  several  hun- 
dred,^ comprised  but  little  more  than  10  per  cent  of  the  whole  crop. 

The  relative  number  of  these  varieties  which  are  now  prominent 
is  destined  to  change  materially  within  the  next  few  years.  Cer- 
tain ones  in  the  list,  such  as  Missouri  and  Limbertwig,  have  been 

^  This  number  can  not  well  i>e  determined  eren  approximately,  as  it  doubtless  indodea 
varieties  growing  in  the  older  orchards  which  are  not  now  propagated  by  nnrserymea. 
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planted  but  very  little  in  recent  years,  though  they  are  in  many  of 
the  older  orchards  at  the  present  time.  The  same  thing  is  true 
in  a  measure  of  Ben  Davis,  which  in  1915  comprised  a  larger  propor- 
tion of  the  crop  than  any  other  single  variety,  as  shown  in  the  esti- 
mates in  Table  II. .  It  has  not  been  planted  so  much  during  the 
past  5  or  10  years  (cither  relatively  or  actually)  as  in  former  years, 
and  in  some  sections  where  planted  heavily  at  an  earlier  period  it 


A  r*^  rcvr^_ o  e6-\COC 

/>^'^SOc:fff. 3.7S  '.OCO 

mch/oa  V- •s.csr^oc 


O^vC- 
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"i 
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Fig.  2. — Dlngrnm  showing  the  esUmated  average  rclaUvc  proportion  of  dilTerent  apple 
varieties  in  the  crops  of  each  State  for  the  years  1009  to  1913,  inclosiye.  Several 
varieties  named  in  the  "  Key  to  varieties "  are  not  separately  referred  to  In  the 
diagram.  Because  of  the  relatively  small  quantities  in  which  the  omitted  varieties 
arc  produced  in  any  one  State  they  are  Included  In  **  Other  varieties."  These  varieties 
arc  given  in  the  key,  however.  In  order  that  the  list  may  Include  all  that  are  shown 
in  ligure  1  and  Tables  I  and  111. 

has  proved  unprofitable.  The  trees  therefore  have  been  dug  up  or 
Avorked  over  to  other  varieties,  or  the  orchards  virtually  abandoned. 
On  the  other  hand,  some  varieties,  notably  Stayman  Winesap  and 
Mcintosh,  have  been  planted  extensively  in  the  younger  orchards 
in  some  sections.  Comparatively  few  of  these,  trees  have  reached 
full  bearing  age  as  yet,  many  in  fact  not  having  borne  at  all.  The 
result  of  these  changes  in  variety  preference  will  be  to  modify  ma- 
terially in  the  future  the  relative  importance  of  several  varieties 
named  in  fi<nire  1  and  Table  I. 
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The  estimated  production  of  the  22  principal  sorts  that  comprised 
the  crop  of  1915  and  the  relation  of  each  to  the  entire  crop  for  that 
year  are  shown  in  Table  TI. 

Table  II. — Estimated  production  of  the  22  most  important  varieties  of  apples, 
sJiotcino  the  percentage  relation  of  each  to  the  entire  crop,  for  the  year  1015} 


Variety. 


rroductloQ. 


Relation 
to  total 
crop. 


Thousand 
barrels.* 


Variety. 


Prodnction. 


Relation 
to  total 
crop. 


Thousand 
barrels.' 


Ben  Dayis. 

Baldwin 

Winesap 

Jonathan 

Bhode  Island  Greening. 

Rome  Beauty 

Wealthy 

Grimes 

Northern  Spy 

York  Imperial 

Oldenburg 

Gano 

8tayman  Wine6ap 


Percent. 
M.6 
10.9 
7.3 
5.9 
4.7 
4.0 
4.3 
3.8 
3.8 
3.2 
2.9 
2.4 
2.3 


11,100 
8,312 
5,545 
4,489 
3,595 
3,524 
3,296 
2,913 
2,878 
3,456 
2,185 
1,852 
1,770 


Limbertwig 

Yellow  Newtown. . 

Fameuse 

Tompkins  King... 
Yellow  Bellflower. 

Golden  Russet 

Wegener 

Mcintosh 

Qravenstein 

Others 


Percent. 
2.0 
1.7 
1.3 
1.3 
1.2 
1.2 
1.1 
1.0 
.9 
17.7 


1,511 
1,324 
996 
975 
930 
870 
823 
778 
660 
13,547 


Total. 


ICO 


76,350 


1  Monthly  Crop  Reporter,  Apr.  15, 1916.  p.  35.  The  yield  is  based  on  the  estimates  reported  in  the  Thir- 
teenth Census  (for  1909)  and  upon  annual  reports  of  crop  correspondents  of  the  Bureau  of  Crop  Estimates. 
About  IS  per  cent  of  the  crop  was  classed  as  summer  apples,  25  per  cent  fall,  and  57  per  cent  winter  apples. 

s  The  totals  do  not  include  320/X)0  barrels  grown  in  Rhode  Island,  South  Carolina,  and  Nevada,  where 
tlie  data  were  insulBdent. 

While  figure  1  shows  the  estimated  relative  impoilanee  of  the  lead- 
ing varieties  on  the  basis  of  the  quantity  of  each  produced  in  the 
country  as  a  whole,  figure  2  gives  similar  information  on  a  State  basis 
and  shows  the  estimated  relative  importance  in  quantity  produced  of 
the  principal  varieties  in  the  different  States.  This  figure  is  also  use- 
ful as  indicating  in  a  general  way  the  geographical  distribution  of 
the  more  important  sorts- 

The  percentages  of  the  different  varieties  shown  in  figure  2  are 
given  in  Table  III  and  in  the  supplementary  text.* 

In  important  apple-producing  States  not  included  in  Table  III 
the  principal  varieties  and  their  respective  percentages  of  all  apples 
in  a  normal  crop  are : 

Kentucky.— Ben  Davis,  16.8 ;  Wlnesap,  14 ;  Rome  Beauty,  9.6 ;  Early  Harvest, 
6.4 ;  Maiden  Blush,  4.5 ;  Red  June,  4.3 ;  Limbertwig,  4. 

Indiana,— Ben  Davis,  22.8 ;  Baldwin,  7.2 ;  Grimes,  6.7 ;  Wlnesap,  6.7 ;  Maiden 
Blush,  5.8 ;  Rome  Beauty,  4.4 ;  Northern  Spy,  4.2. 

North  Carolina, — Limbertwig,  14.3;  Wlnesap,  12.2;  Ben  Davis,  7.5;  Early 
Harvest,  7.2;  Horse,  7.2;  Red  June,  5.9. 

Tennessee. — ^Winesap,  14.1 ;  Ben  Davis,  12.2 ;  Limbertwig,  12.1 ;  Early  Harvest, 
8.4 ;  Horse,  6.3 ;  Red  June,  5.4. 


1  These  figures  are  taken  from  the  Agricultural  Outlook,  Farmers*  Bulletin  611, 
28,  1014.  p.  17. 
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Table  III. — Estimated  relative  production  of  S5  principal  varieties  of  cppiet 
expressed  as  percentages  of  a  normal  crop  of  all  apples. 


Variety. 


I 


1 


0.7 

.9 

13.4 

13.8 

2.8 

1.7 
1.3 
1.0 
1.4 
1.1 


Grimes 2.2 

Borse 0 

Jonathan 8.6 

Umbertwlg 1.6 

MoIntOBh. 9 


ArkansM 

Arkaasas  Black. 

Baldwin 

BenDavii 

Early  Harveet... 


Fall  Pippin 

Fameuse 

Gano 

Golden  Roaset.. 
Gravenstein — 


llaidenBhiah.... 

MisBoiui 

Northern  Spy 

Northwestern 

Oldenburg 


Red  Astraohan 

Red  June 

Rhode  Island  Green- 
ing  

Rome  Beauty 

Stayman  Winesap. . . 


Tolman 

Tompkins  King. 


Wealthy 

White  Fearmain. . 
Winesap 


Wolf  River 

Yellow  Bellflower. 

Yellow  Newtown 

Yellow  Transparent. 

York  Imperial 

Other  varieties. 

Number  of  reports. . . 


2.0 
.8 

6.1 
.9 

1.9 

1.9 
1.6 

4.7 
8.1 
1.5 

1.0 
1.4 
2.2 
.5 
6.1 

.9 
1.4 
1.6 
1.5 
2.1 
10.4 


0.2 

34.' 6* 

9.8 

.9 

.7 
3.5 

.3 
1.7 
2.3 


.8 

.0 

3.7 

.3 

.0 

7.1 

.3 

2.9 

3.9 


4.1 
.1 

.6 

2.6 
2.4 

5.4 


1.4 

1.7 

.0 

1.1 

'7.0 


31.8 

6.0 

.9 

1.7 
2.4 

.2 
2.0 

.9 

.1 

".'4 
.0 
1.6 

1.0 

.0 

18.1 

.9 

2.2 

2.1 

.7 

14.8 
.8 
.1 

2.1 

4.1 

1.8 

.1 

.1 

.3 
.3 
.2 
.3 
.1 
8.9 


0.8 
.2 
17.8 
6.0 
3.1 

3.1 

.6 

.8 

2.5 

1.0 

2.6 

*i.*4 


.7 

3.0 

.0 

11.4 

.4 

1.1 

3.6 
.3 

5.5 
2.1 
1.8 

1.1 
1.5 
1.2 
.0 
1.8 

.3 
2.3 

.6 

1.7 

7.5 

12.8 


3.1 
.7 
2.8 
11.4 
4.7 

1.8 
.1 
.6 
.3 
.1 

2.6 
1.0 
LO 
2.5 
.1 

L5 
.2 

.8 
.0 
.1 

.8 
1.8 

.8 
1.2 
6.3 

.1 
.0 
.0 
.2 
20.7 

.2 
.2 
7.0 
1.5 
15.1 
10.2 


a? 

.8 
5.8 
15.7 
8.9 

1.5 

.0 

1.6 

1.6 

.1 

4.6 
.0 

1.7 
.8 
.1 

2.5 
.1 

4.2 
.4 
.5 

2.1 
1.8 

1.4 

18.7 
1.9 

.4 

.5 
1.1 

.2 
L8 

.6 
1.5 

.8 
3.2 
5.0 
13.4 


0.1 

.1 

15.6 

13.9 

8.7 

1.8 
.6 

1.8 
.9 
.8 

5.0 
.0 

L8 
.3 
.1 

4.5 
.1 

7.7 
.6 
1.0 

2.7 
.2 

5.7 

10.8 

1.8 

.5 
.6 

1.2 
.1 

1.8 

.5 
1.3 

.4 
2.1 
1.3 
10.1 


0.0 


17.0 
8.5 
1.8 

1.6 

8.0 

.8 

3.7 
.1 

1.2 
.0 

2.2 
.0 
.8 

2.6 

.1 

17.9 

1.9 

5.0 

2.8 
.0 

5.4 
.2 
.1 

2.4 

2.1 

8.7 

.0 

.4 

L5 
1.2 

.3 
1.4 

.3 
11.0 


.9 
2.7 

87.8 
2.2 

1.1 

1.5 

8.8 

.7 

.1 

4.9 
.2 

9.8 
.6 
.4 

2.8 
1.2 
1.4 
.8 
1.7 

.8 
1.3 

.8 

3.8 

.5 

.8 
.1 

1.6 
.3 

5.6 

.4 
.5 
.3 

2.1 

.8 

7.4 


LI 
L5 
L5 
84.3 
2.8 

.4 
.4 

6.5 
.8 
.1 

8.6 

.5 

10.4 

L5 

.1 

2.8 

8.0 

LI 

.3 

.5 

.8 
L9 

.8 
L7 

L8 

.2 
.1 

L3 
.3 

6.8 

.7 
LO 

.1 
LI 
LI 
8.2 


2.8 

8.0 

.4 

44.1 

2.0 

.7 

.1 

6.6 

.1 


2.1 
L5 
3.7 
5.8 


LO 

L4 

.5 


.5 

3.7 

.6 
L8 
L7 


.1 

.1 

8.4 


.1 


.4 

.1 

8.3 


as 

2.S 

7.8 
7.4 

.8 

.8 
.8 
.8 
.8 
4.1 

1.0 

ii.'8 

...... 

.8 

.6 
2.8 
LO 
LI 

L7 
L3 

a.3 

13.3 
3.7 

.9 
3:7 
L5 

.6 
7.1 

.8 
L9 
3.9 
L5 

.3 
12.5 


0.8 
LO 
8J 
8.9 

.7 

.§ 

.8 

.3 

.1 

S.f 

.1 


LT 
.8 
.1 

.4 
.f 
.§ 
.3 

.1 

3.8 

L4 

17 

14 

.f 

.0 
LI 

.1 
7.5 
L4 

.1 
11.6 
317 

.3 

.1 


2,622 


55 


82 


57 


62 


100 


122 


78 


191 


42 


/oioa.— Ben  Davis.  15.2;  Wealthy,  12.4;  Jonathan,  10.3;  Oldenburg,  8.9: 
Grimes,  4.9;  Northwestern,  4.3. 

Kansas, — Ben  Davis,  19.4;  Winesap,  15.8;  Jonathan,  18.8;  Missouri,  aC; 
Gano,  6;  Maiden  Blush,  4.3. 

Oregon. — Baldwin,  12.6;  Yellow  Newtown,  11.3;  Northern  Spy,  7.4;  Graven- 
stein,  7.3 ;  Rome  Beauty,  5.6 ;  Tompkins  King,  6.1 ;  Ben  Davis,  4.9 ;  Jonathan,  4.4. 

Colorado, — ^Ben  Davis,  26.3;  Jonathan,  18.8;  Gano,  7.8;  Rome  Beauty,  4.8; 
Winesap.  4.1. 

Massachusetts, — Baldwin,  48.4;  Rhode  Island  Greening,  9.8;  Gravenstelii, 
6.7;  Mcintosh,  6.7;  Northern  Spy,  5.1. 

:tfehra8ka.—Ben  Davis,  21.3;  Winesap,  13.6;  Jonathan,  9.4;  Wealthy,  e.2; 
Oldenburg,  5.8;  Grimes,  4.8;  Missouri,  4.2;  Gano,  4. 

Wisconsin. — Oldenburg,  14.7;  Wealthy,  13.7;  Northwestern,  11.1;  Fameuse,  8; 
Wolf  Ulver,  7.5 ;  Ben  Davis,  5.1 ;  Golden  Russet,  4.2. 

Maryland.— lien  Davis,  17;  York  Imperial,  16.2;  Baldwin,  8.8;  Winesap,  7JJ; 
Stay  man  Winesap,  7 ;  Arkansas,  4.4 ;  Early  Harvest,  4.2. 
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NcKf  Jertey, — ^Baldwin,  2S.2;  Ben  Davis,  14.5;  Rome  Beauty,  5;  Early  Har- 
vest, 4.7 ;  Rhode  Island  Greening,  4.3 ;  Northern  Spy,  4.2. 

Yermont, — Baldwin,  15.1;  Rhode  Island  Greening,  12^;  Northern  Spy,  12; 
Fameuse,  8.1 ;  Mcintosh,  6J. ;  Ben  DaTta,  5.6 ;  Ytilow  Bellflower,  4.2. 

Con«ectiOM^.— Baldwin,  42.2 ;  Rhode  Island  Greening,  16.9 ;  Golden  Russet,  5.2. 

New  Hampshire, — ^Baldwin,  51.9;  Rhode  Island  Greening,  5.9;  Northern  Spy, 
5.2 ;  Mcintosh,  4.4. 

/do^.— Jonathan,  21.3;  Rome  Beauty,  16.6;  Ben  Davis,  13.1;  Gano»  7.8; 
Winesap,  4.6. 

Table  IV. — Estimated  average  annual  production  of  27  leading  varieties  of 
apples,  by  principal  States,  1909  to  1913,  inclusive.^ 


VariAty  aad  State. 


Thoo- 


Vadtty  and  State. 


Ttioo- 

MDd 

buahelB. 


Vadaty  ^~1  State. 


Thou- 

■and 

bushels. 


Baldwixu 

New  York 

Penmyhraoia 

Michigan. 

Maine. 

Ohio 

Massaobusetts 

CGimecticut. 

Nevr  Hampritlta. 

New  Jersey 

rStaies 


Others 


Total. 


Ben  Davis: 

Missouri 

Illinois , 

Arkansas , 

New  York 

XTwIiAnft.. , 

Ohk) 

Kentucky 

Virginia 

"West  VirKinla.. 

Mkhigan. 

Pmnsylvania. . 


Iowa. , 

Colorado 

Tennessee 

Nebraska 

Other  States. 


Total. 


Northern  Spy: 

New  York 

MichiKMi. 

Pennsylvania. . 

Ohio. 

Other  States... 


Total. 


Winesap: 

Virginia. 

Kentucky 

Miseouri 

Tennessee 

North  Carolina... 

Kansas 

Other  States 


Total. 


Rliode  Blmd  Oreen- 
tnu: 

New  York 

Pennsytvaaia 

Michigan. 


9,071 

2,351 

1,868 

1,545 

1,394 

1,380 

805 

780 

504 

3,905 


3,849 

2,154 

1,508 

1,4« 

1,248 

1,242 

1,185 

1,040 

955 

934 

793 

766 

761 

745 

623 

572 

3,675 


3,797 
1,966 
1,506 
688 
2,754 


10,  ni 


1,888 
988 
7«5 
720 
639 
605 

3,481 


9,036 


4,289 
727 
598 


Bbode  Island  Oreeo- 
ing— Continued. 

Ohio 

Other  States 


Total. 


Jooatlian: 

Missouri 

Washington... 


Illinois 

Colorado 

Iowa. 

Other  States. 


Total. 


Rome  Beauty: 
WestVlri^nJa.., 

Ohia , 

Kentucky 

Washington..... 
OtherStates... 


Total. 

Wealthy: 

Iowa. 

NewTortk 
Oth< 


Total. 


York  Imp 

Pennsylvania. . 
Other  States... 


Total. 


OldflBburg: 

New  York 

Mfchigan 

OtherStates.. 


Total. 


Red  Astrachan: 
New  York.... 
OtherStates.. 


Total. 


Yellow  Newtown: 

California 

Virginia. 

OtherStates.... 


Total. 


509 

2,182 


8,300 


1,170 
733 
545 
530 
518 
516 

3,898 


6,405 


1,138 
965 
677 
648 

2,011 


5,439 


621 

822 

2,824 


8,967 


1,377 

991 

1,418 


8,786 


638 

549 

2,103 


3,290 


609 
2,750 


8,350 


1,816 
638 
950 


2,904 


Oano: 

Missoori 

OtherStates. 


Total. 


Limbertwig: 
North  Carolina... 

Tennessee , 

OtherStates 


Total. 


Yellow  Bellflower: 

Califomia 

OtherStates 


Total. 


Ooldea  Russet: 
NewYoik... 
OtherStates. 


Total. 


Tompkins  King: 

New  York 

OtherStates... 


Total. 


Pamense: 

New  York... 
OtherStates. 


Total. 


Tohnan: 
New  York... 
OtherStates. 


Total. 


Varieties  each  of  which 
produces  less  than 
500,000  bushels  in 
any  one  State: 

Early  Harvest 

Grimes 

Maiden  Bhish 

Fan  Pippin 

Red  June 

Stayman  Wineo^^.. 

YeDow  Transparent 

Oravenstein. 

AU  others. 


Total,  all  varie- 
ties  


732 
2,048 


3,780 


749 

618 

1,378 


2,745 

863 
1,683 


2,536 


680 
1,909 


2,489 


1,188 
1,202 


2,300 


096 
1,629 


2,325 


609 
1,167 


1,776 


4,923 
3,882 
3,610 
2,963 
2,743 
2,720 
2,679 
1,857 
29,776 


176,478 


I  The  Agricultural  Outkwk,  Fanners'  Bulletin  641,  Nov.  23,  1914,  p.  19. 
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Oklahoma, — Ben  Davis,  25.8;  Missouri,  12.1;  Jonathan,  8.2;  Wlnesap,  8.1; 
Arkansas  Black,  5.6;  Gano,  4. 

OcoriKa.— Horse,  14.8;  Ben  Davis,  12^;  Red  June,  10;  Llmbertwig,  a«; 
Wlnesap,  7.6 ;  Early  Harvest,  6.1 ;  Arkansas  Black,  4,6. 

For  27  of  the  principal  varieties  the  estimated  average  number  of 
bushels  is  shown  in  Table  IV.  The  principal  States  of  production 
are  also  shown  where  the  crop  in  any  one  State  amounts  to  at  least 
600,000  bushels. 

The  distribution  by  States  of  the  Baldwin,  Ben  Davis,  Xorthem 
Spy,  Winesap,  and  Rhode  Island  Greening — the  five  varieties  pro- 
duced in  the  largest  quantities — is  visualized  in  the  accompanying 


Fig.  3. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  the 
Baldwin  apple,  each  dot  representing  100,000  bushels,  the  total  being  the  estixnated 
average  crop  for  1909  to  1913,  inclusive.  The  arrangement  of  the  dots  within  the 
State  boundaries  has  no  significance. 

outline  maps  (figs.  3  to  7).  It  is  to  be  noted  that  each  dot  on  the  maps 
represents  an  estimated  annual  average  crop  of  100,000  bushels.  In 
the  States,  therefore,  in  which  less  than  that  quantity  of  any  one  of 
these  varieties  is  reported  no  dots  are  shown  on  the  maps. 

IMPORTANT  CENTERS  OR  AREAS  OF  APPLE  PRODUCTION. 

The  statistical  consideration  of  apple  varieties  given  on  the  pre- 
ceding pages  presents  the  best  available  data  regarding  the  estimated 
quantity  of  applies  produced  in  the  United  States  in  an  average  year, 
and  the  relative  importance  of  the  more  prominent  varieties.  The 
figures  are  based  on  census  reports  and  have  to  do  with  the  entire 
crop  without  distinction  between  the  part  grown  for  commercial  pur- 
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poses  and  that  produced  in  home  or  farm  orchards.    A  more  detailed 
survey  of  the  distribution  of  the  apple  industry  from  the  production 


Fio.  4. — Outline  map  of  the  United  States,  showing:  the  distribution  by  States  of  the 
Ben  Davis  apple,  each  dot  representing  100,000  bushels,  the  total  being  llie  estimated 
average  crop  for  1000  to  1913,  inclusive.  The  arrangement  of  the  dots  within  the 
State  boundaries  has  no  significance. 

standpoint  follows.     In  this  discussion  emphasis  is  placed  on  the 
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Fig.  5. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  the 
Northern  Spy  apple,  each  dot  representing  100,000  bushels,  the  total  being  the  esti- 
mated average  crop  for  1909  to  1913,  inclusive.  The  arrangement  of  the  dots  within 
the  State  boundaries  has  no  significance. 

centers  or  areas  of  commercial  apple  growing,  but  the  general  dis- 
tribution of  this  fruit  is  also  indicated. 
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With  the  exception  of  relatively  small  areas  located  in  the  South 
Atlantic  and  Gulf  coast  regions  where  it  is  too  warm,  in  the  upper 


Fio.  6. — Outline  map  of  the  United  States,  sbowing  the  distribution  by  States  of  tbt 
Wlnesap  apple,  each  dot  representing  100,000  bushels,  the  total  being  the  estimated 
average  crop  for  1909  to  1918,  inclusiye.  The  arrangement  of  the  dots  within  the 
State  boundaries  has  no  significance. 

Mississippi  Valley  where  it  is  too  cold,  and  in  some  sections  of  the 
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Fio.  7. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  the 
Rhode  Island  Greening  apple,  each  dot  representing  100,000  bushels,  the. total  brfsf 
the  estimated  average  crop  for  1909  to  1913,  inclusiye.    The  arrangement  of  tbe  dMt 

within  the  State  boundaries  has  no  significance. 

semiarid  regions  and  in  the  intermountain  States  where  it  is  eitber 
too  cold  or  too  dry,  or  both,  there  is  hardly  a  community  when 
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apples  are  not  grown  to  a  greater  or  less  extent.  The  distributicm  of 
production  based  on  the  reports  of  the  Thirteenth  Census  is  shovn 
in  the  map  designated  as  figure  8.^  On  this  map  each  dot  represents 
20,000  bushels  on  the  basis  of  the  crop  of  1909,  which  is  the  one  re- 
ported in  the  last  census.  The  arrangement  of  the  dots  on  the  map  is 
definite  and  significant,  being  so  placed  as  to  show  the  geograjAical 
distribution  of  the  crop  in  each  State  by  counties.  The  heaTily 
shaded  areas  denote  sections  of  very  large  production.  The  clear 
spaces  do  not  indicate  necessarily  areas  of  no  apple  production,  but 
areas  in  which  the  production  is  so  small  that  no  county  has  a  yidd 
amounting  to  20,000  bushels. 


Fio.  9. — Outline  map  of  the  United  States,  showing  the  approximate  distribution  of  apple 
orchards  of  bearing  age  in  1010.     Each  dot  represents  500  acres. 

Figure  9  shows  the  distribution  of  apple  trees  of  bearing  age,  as 
reported  by  the  Thirteenth  Census.  In  the  same  way,  the  distributkai 
of  trees  of  nonbearing  age  is  shown  in  figure  10.  In  these  two  fignres 
each  dot  represents  500  acres  of  apple  trees.  The  arrangement  of  the 
dots  and  their  positions  on  the  maps  have  the  same  significance  as 
those  in  figure  8. 

It  is  impracticable  to  present  a  complete  inventory  of  the  apple 
industry  from  the  standpoint  of  the  distribution  of  the  entire  produc- 
tion, but  it  is  believed  that  an  outline  of  the  more  important  centers 
and  areas  of  the  commercial  interests  will  be  of  constructive  value  to 
all  who  are  concerned  with  the  industry,  and  at  the  same  time  it  will 

^  This  map,  also  those  designated  as  figures  0  and  10,  are  from  the  Yearbook  of  the 
Department  of  Agriculture  for  1015. 
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supply  a  type  of  information  the  demand  for  which  seems  to  be 
increasing. 

In  indicating  where  the  more  important  apple-producing  sections 
are  located,  it  is  not  possible  to  give  the  information  for  the  different 
States  with  a  uniform  degree  of  definiteness,  because  of  the  differ- 
ences in  the  distribution  of  the  orchards  and  also  because  of  a  lack 
of  sufficient  data.  In  some  parts  of  the  country  the  apple-producing 
areas  are  rather  indefinite  in  their  extent,  with  no  well-defined  bound- 
aries; in  others,  as  in  some  of  the  irrigated  valleys  of  the  West, 
the  areas  are  very  definitely  delimited. 

The  locations  of  the  more  important  areas  of  production,  as  out- 
lined in  the  present  connection,  are  indicated  largely  on  the  basis  of 


Pig.   10. — Outline  map  of  tbe  United  States,  showing  the  approximate  dlstribntlon  of 
apple  orchards  of  nonbearing  age  in  1910.     Each  dot  represents  500  acres. 

information  from  leading  fruit  growers,  officers  of  horticultural  so- 
cieties, experiment  station  officials,  and  others  who  by  virtue  of  their 
relation  to  the  fruit  iijterests  in  their  respective  States  are  especially 
familiar  with  the  sources  of  production.  This  information  was  sup- 
plied in  response  to  a  circular  letter  sent  from  the  Bureau  of  Plant 
Industry.  In  most  cases  the  varieties  listed  for  planting  in  the 
different  centers  or  areas  of  production  were  named  by  the  same 
correspondents.  The  varieties  in  the  various  lists  are  named  in 
alphabetical  order.  The  relative  importance  of  most  of  the  principal 
varieties  in  each  State  is  shown  in  figure  2  and  Table  III.  It  should 
be  stated  further  that  in  many  instances  counties  not  included  in  the 
areas  of  commercial  production  are  reported  by  the  last  census  to 
have  a  larger  number  of  trees  than  other  counties  designated  as 
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having  commercial  interests.  The  explanation  is  that  a  compara- 
tively few  thousand  trees,  if  planted  in  a  few  relatively  large 
orchards  in  some  locality,  may  make  a  community  industry  of  con- 
siderable dze,  while  an  equal  or  even  a  much  larger  nimiber  of  trees 
widely  distributed  in  a  county  in  small  home  orchards  would  be 
entirely  without  commercial  significance. 

The  order  in  which  the  different  States  are  mentioned  f<^ow8  the 
grouping  used  in  the  reports  of  the  Thirteenth  Census. 

NEW  ENGLAND  8TATE& 

MAINS. 

Distribution. — ^Apples  are  grown  somewhat  generally  throughout 
the  southern  half  of  Maine,  with  no  special  centers  of  production. 
They  are  of  anall  relative  importance  as  a  crop  in  the  northern  sec- 
tions. Most  orchards  are  on  farms  where  general  agriculture  is 
practiced,  few  specializing  in  apple  growing.  The  section  in  which 
apples  are  of  most  importance  includes  all  counties  in  the  southern 
part  of  the  State,  extending  as  far  north  as  and  including  practically 
all  of  Franklin  County  and  the  southern  parts  of  Somerset,  Piscat- 
aquis, Penobscot,  and  Hancock  Counties. 

Varieties. — ^Baldwin,  Ben  Davis,  Gravenstein,  Mcintosh,  Milden, 
Northern  Spy,  Oldenburg,  Ehode  Island  Greening,  Rolfe,  Stark,  and 
Tompkins  King.  In  the  northern  sections  of  Maine,  Dudley, 
Fameuse,  and  Wealthy  are  of  value  because  of  their  hardiness.  The 
Ben  Davis,  though  it  has  been  prc^table  with  some  growers,  is  not 
to  be  recommended  generally  for  planting  in  the  northern  apple- 
growing  sections. 

NEW    HAMPSHIBE. 

DistHhutioru — ^Apple  growing  is  more  or  less  general  throughout 
most  parts  of  New  Hampshire.  The  commercial  orchards  are  in  the 
southern  half  of  the  State  and  are  quite  widely  distributed  in  the 
southern  portions  of  Grafton  and  Carroll  Counties  and  southward, 
with  important  centers  of  production  located  near  the  central  parts 
of  Hillsboro  and  Merrimack  Counties,  in  the  eastern  part  of  Hills- 
boro  extending  into  the  southwestern  part  of  iRockingham  County, 
with  a  fourth  section  in  the  eastern  part  of  Rockingham  County. 

Varieties. — ^Baldwin,  Hubbardston,  Mcintosh,  Bhode  Island 
Greening,  Northern  Spy,  Tompkins  King,  and  Wealthy. 

VERMONT. 

Distribution. — ^While  farm  orchards  occur  more  or  less  generally 
in  Vermont,  the  principal  commercial  interests  are  in  Grand  Isk 
County,  centering  about  Isle  La  Motte,  Grand  Isle,  and  South  Hero, 
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the  western  parts  of  Chittenden  and  Addison  Counties  bordering  on 
Lake  Champlain,  the  southwestern  part  of  Bennington  County,  and 
the  southern  and  eastern  sections  of  Windham  County. 

Varieties. — ^Arctic,  Baldwin,  Ben  Davis,^  Fameuse,  Mcintosh, 
Northern  Spy,  Rhode  Island  Greening,  Tolman,  and  Wealthy. 

MASSACHUSETTS. 

DistrihvMon. — Doubtless  apple  growing  is  more  generally  dis- 
tributed throughout  Massachusetts  than  in  any  previously  mentioned 
State.    Relatively  important  areas  are  indicated  as  follows : 

(1)  Western  Franklin  County,  centering  about  Heath,  Oolerain,  Ashfield, 
and  Bnckland. 

(2)  Northeastern  Worcester  County,  centering  about  Leominster,  Fitchburg, 
Bolton,  and  Harvard.  , 

(3)  Western  Middlesex  County,  centering  about  Hudson,  Marlboro,  Boxboro, 
and  Littleton  (this  area  being  the  eastern  extension  of  area  2,  and  parts  of 
Essex  County. 

(4)  Central  Berkshire  County. 

(5)  Central  parts  of  Hampshire  and  Hampden  Counties. 

Varieties, — ^In  area  1,  Baldwin,  Northern  Spy,  and  Rhode  Island 
Greening  are  the  principal  sorts.  In  area  2,  same  as  area  1;  also 
Mcintosh,  Red  Astrachan,  Wealthy,  and  Yellow  Transparent.  In 
areas  3,  4,  and  5,  same  as  in  area  2 ;  also  Gravenstein,  Oldenburg,  and 
Roxbnry.  The  Hubbardston  and  Williams  are  also  grown  in  some 
parts  of  the  State. 

BHODS  ISIAND. 

Distribution. — Apples  are  grown  commercially  to  some  extent 
throughout  Rhode  Island.  The  larger  interests  are  in  Providence 
County  (centering  in  Johnston,  Smithfield,  Foster,  and  Cumberland 
Townships) ,  and  in  Richmond  Township  in  Washington  County. 

Varieties. — Baldwin,  Mcintosh,  Northern  Spy,  Rhode  Island 
Greening,  and  Wagener. 

CONNECTICUT. 

Distribution. — ^Apple  growing  is  not  centralized  in  Connecticut,  but 
relatively  large  orchards  are  located  in  nearly  every  county.  Some 
of  the  more  important  townships  from  the  standpoint  of  the  apple 
industry  are  Danbury  and  Greenwich  in  Fairfield  County ;  Cheshire, 
Milford,  Oxford,  and  Wallingf ord  in  New  Haven  County ;  Durham 
and  Middlefield  in  Middlesex  County;  Cornwall  and  Salisbury  in 
Litchfield  County;  Farmington,  Glastonbury,  and  Southington  in 
Hartford  County ;  Woodstock  in  Windham  County. 

Varieties. — Baldwin,  Fall  Pippin,  Mcintosh,  Rhode  Island  Green- 
ing, Roxbury,  Tompkins  King,  and  Wealthy. 

*  See  under  "  Maine  '*  (p.  14)  for  comment  regarding  Ben  Davis. 
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MIDDLE  ATLANTIC  STATES 


NEW   YORK. 


Disfrihutioii, — Eeference  to  the  diagram  in  figure  2  and  the  map 
(fig.  8)  will  emphasize  the  relative  importance  of  New  York  as  com- 
pared with  other  States  in  the  quantity  of  apples  produced.  They 
are  grown  widely  throughout  most  parts  of  the  State,  but  the  areas 
which  are  of  great  commercial  importance  are  fairly  definite,  being 
located  in  the  Hudson  Kiver  valley  and  in  the  western  part  of  the 
State.  The  former  region  consists  essentially  of  the  parts  of  Put- 
nam, Orange,  Dutchess,  Ulster,  Columbia,  and  Green  Counties  that 
are  within  a  comparatively  short  distance  of  the  river.  In  the 
western  part  of  the  State  the  counties  that  border  Lake  Ontario — 
Niagara,  Orleans,  Monroe,  Wayne,  Cayuga,  and  the  western  portion 
of  Oswego — comjDrise  the  famous  western  New  Yorlj  apple  district, 
though  in  reality  this  district  also  includes  parts  of  Genesee  and 
Livingston  Counties  (which  are  in  the  second  tier  of  counties  from 
Lake  Ontario)  and  a  large  number  of  important  orchards  located 
about  the  "  finger  lakes  "  in  central-western  New  York,  It  is  to  be 
observed  also  by  referring  to  the  acreage  maps  (figs.  9  and  10)  that 
there  are  interests  of  some  importance  in  the  Lake  Champlain  section 
and  in  the  St.  Lawrence  Valley.  The  fruit  from  the  last  two  sections, 
how  ever,  does  not  enter  largely  into  the  trade. 

Varieties. — Baldwin,  Fall  Pippin,  Gravenstein,  Hubbardston,  Mc- 
intosh, Northern  Spy,  Oldenburg,  Khode  Island  Greening,  Roxbury, 
Tompkins  King,  Twenty  Ounce,  Wagener,  and  Wealthy. 

The  Rome  Beauty  and  Boiken  were  included  in  a  list  suggested  few 
Livingston  County.  The  Yellow  Newtown  is  grown  successfully  in 
restricted  localities  in  the  Hudson  River  valley.  It  is  of  interest  to 
note  that  the  Ben  Davis,  though  comprising  5  per  cent  of  the  crop  of 
the  State  (Table  III),  was  not  named  by  any  of  the  correspondents 
reporting  in  this  connection. 


NEW    JERSEY. 


Distribution, — Conditions  are  well  suited  to  the  growing  of  apples 
in  most  sections  of  New  Jersey,  especially  in  the  central  and  north- 
ern parts.  The  chief  commercial  activities,  except  as  they  may  be 
represented  by  individual  orchards  in  other  parts  of  the  State,  are 
located  in  Burlington,  Monmouth,  Camden,  and  Gloucester  Coun- 
ties, in  which  Riverton,  Moorestown,  Marlton,  Middletown,  Red 
Bank,  Merchantville,  and  Glassboro  represent  important  points  of 
production. 

Varieties. — A  larger  number  of  varieties  have  an  important  com- 
mercial status  in  New  Jersey  than  in  many  States,  because  of  the 
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development  of  relatively  large  summer-apple  interests.  The  prin- 
cipal sorts  are  as  follows :  Baldwin,  Ben  Davis,  Fall  Pippin,  Graven- 
stein,  Grimes,  Jonathan,  Maiden  Blush,  Oldenburg,  Red  Astrachan^ 
Rome  Beauty,  Smokehouse,  Starr,  Stayman  Winesap,  Wealthy, 
Williams,  Winesap,  Yellow  Transparent,  and  York  Imperial. 

Perhaps  no  variety  is  in  a  larger  number  of  orchards  in  New  Jer- 
sey than  Smith  Cider;  but  it  occurs  only  in  those  planted  at  a  com- 
paratively early  period,  having  been  dropped  entirely  in  the  more 
recently  planted  orchards.  It  is  the  conviction  of  some  that  the 
Mcintosh  and  Arkansas  (or  Paragon)^  will  increase  in  importance 
as  the  younger  orchards  develop.  Though  not  generally  planted 
in  New  Jersey,  the  English  Codlin  has  proved  quite  profitable  in 
some  of  the  early  apple  orchards  in  Monmouth  County,  while  the 
B^dwin  is  of  value  chiefly  in  the  northern  sections  of  the  State. 

PENNSYLVANIA. 

Distribution. — In  1910,  when  the  last  census  was  taken,  Pennsyl- 
vania, on  a  State  basis,  ranked  sixth  in  the  combined  nimiber  of 
bearing  and  nonbearing  apple  trees,  and  the  crop  of  1909  fell  only 
slightly  below  that  of  New  York,  which  ranked  first  in  production. 
The  wide  distribution  throughout  the  State  is  indicated  by  the  fact 
that  only  six  counties  were  reported  to  have  less  than  40,000  trees 
each  of  bearing  age.  Yet  the  commercial  interests,  so  far  as  inter- 
state shipments  are  concerned,  ai:^  relatively  small,  and  the  centers 
of  production  correspondingly  difficult  to  define.  Probably  the  in- 
terests in  York,  Adams,  Franklin,  and  Bedford  Counties,  in  the 
south-central  part,  are  more  generally  recognized  in  the  commercial 
apple  industry  than  are  those  in  most  other  parts  of  the  State. 
Luzerne  County,  in  east-central  Pennsylvania,  also  contains  interests 
of  considerable  extent. 

On  account  of  the  great  number  of  large  industrial  towns  in  Penn- 
sylvania the  opportunities  for  growers  of  fruit  and  vegetables  to 
cater  to  local  markets  are  exceptionally  good,  and  no  doubt  this 
accounts  in  a  measure  for  the  fact  that  so  few  definite  centers  of 
commercial  production  have  been  developed. 

Varieties, — There  are  at  least  two  fairly  definite  pomological  re- 
gions in  Pennsylvania.  Three  such  regions  are  sometimes  recognized. 
In  general,  the  northern  half  of  the  State  represents  what  is  some- 
times termed  the  Baldwin-Rhode  Island  Greening-Northern  Spy 
territory,  and  the  southern  half  represents  the  Ben  .Da vis- York  Im- 
perial-Winesap  area. 

^Arkansas  and  Paragon  are  so  Dearly  alike  that  it  is  practically  impossible  to  distin- 
gDisli  definitely  the  fruit  of  the  one  from  the  other. 
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A  list  of  varieties  that  has  been  suggested  for  Luzerne  County,  lo- 
cated in  the  northern  region,  in  order  to  provide  for  a  long  sequence 
in  ripening,  is  as  follows:  (9)  ^  Baldwin,  (4)  Gravenstein,  (7)  Mcin- 
tosh, (3)  Oldenburg,  (2)  Eed  Astrachan,  (6)  Smokehouse,  (10) 
Stark,  (8)  Wagener,  (5)  Wealthy,  (1)  Yellow  Transparent. 

In  the  southern  part  of  Pennsylvania  the  following  varieties  pre- 
dominate in  the  commercial  orchards :  Stayman  Winesap,  York  Im- 
perial, Rome  Beauty,  and  Grimes, 

Many  otlier  varieties  occur  in  Pennsylvania,  but  the  ones  named  aic 
especially  important.  Mention  in  this  connection  should  be  made 
of  the  Rhode  Island  Greening  and  Northern  Spy  (which  occur  in  the 
northern  part  of  the  State  and  amount  to  5.5  per  cent  and  11.4  per 
cent,  respectively,  of  the  crop)  and  the  Ben  Davis  (which  occuis 
more  or  less  generally  and  which  amoimts  to  6  per  cent  of  the  crop).* 
These  varieties,  however,  are  evidently  in  the  older  orchards,  as  they 
do  not  appear  to  be  commonly  recommended  for  planting  anywhere 
in  this  State  at  the  present  time. 

EAST  NOBTH-CBNTIUL  STATBSL 

OHIO. 

Distribution. — Commercial  apple  growing  in  Ohio  is  largely  in  the 
southern  and  southeastern  part  of  the  State  in  the  counties  bord»- 
ing  the  Ohio  River  and  in  the  counties  in  the  northern  part  whidi 
are  influenced  by  the  proximity  of  Lake  Erie.  There  are  interest 
also  of  some  recognized  importance  in  the  central  sections  of  the 
State.    The  counties  especially  mentioned  are  as  follows : 

In  the  Ohio  Biver  valley:  Belmont,  Monroe,  Noble,  Washington,  Atheui 
Meigs,  Gallia,  Jackson,  Lawrence,  Clermont,  and  HamUton. 
In  the  central  sections :  Boss,  Fairfield,  FrankUn,  and  Delaware. 
In  the  northern  part:    Lake,  Erie,  Sandusky,  Ottawa,  Lucas,  and  S^tecm. 

Varieties. — For  the  northern  sections:  Baldwin,  Ben  Davis, 
Grimes,  Jonathan,  Northwn  Spy,  and  Rhode  Island  Greening.  For 
the  central  and  southern  sections,  Home  Beauty  (ei^)ecially  in  addi- 
tion to  Ben  Davis  and  Grimes  named  above).  Stayman  Wine^p 
may  also  be  expected  to  give  good  results  in  these  sections  of  the 
State. 

INDIANA^ 

Distribution. — Apple  growing  is  generalized  in  Indiana.  The 
interests  are  widely  distributed  in  the  northern  and  eastern  tiers  of 
counties,  in   the  counties  in  the  north-central  part   of  the   State 

1  The  number  in  parentheses  preceding  each  name  indicates  its  sequence  of  rlpealnc  ii 
related  to  the  others  in  the  list. 
"  See  Tablo  III  for  the  percentages  of  other  varieties. 
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through  which  the  Wabash  River  flows,  in  the  Wabash,  White,  and 
White  Water  River  valleys,  and  generally  throughout  the  southern 
half  of  the  State.  There  are  two  sections  of  Indiana  in  which  apples 
are  of  little  importance,  namely,  the  central  part  south  of  the  Wabash 
River  and  the  northwestern  part  which  lies  between  the  counties 
through  which  the  Wabash  River  flows  and  the  northern  tier  of 
counties. 

Varietiesi^ — ^Ben  Davis,  Grimes,  Indiana  Favorite,  Jonathan,  Rome 
Beauty,  Stark,  Wealthy,  Winesap,  and  Yellow  Transparent.  The 
varieties  not  here  included  which  are  named  for  northern  Ohio  are 
grown  more  or  less  also  in  northern  Indiana.  The  relative  impor- 
tance of  several  of  them  is  shown  under  ** Indiana"  in  connection 
with  Table  III. 

nj:jNoi8. 

Distribution. — There  are  three  general  areas  in  Illinois  in  which 
the  larger  commercial  apple  interests  are  centralized.  The  most 
important  development  in  its  extent  includes  Clay  County  in  the 
south-central  part  of  the  State,  which  has  the  largest  acreage  devoted 
to  apple  growing  of  any  county  in  the  State;  Wayne,  Marion,  Rich- 
land, Jasper,  and  Crawford  Counties,  in  all  of  which  there  are  large 
acreages;  and  Cumberland,  Jefferson,  and  Washington  Coimties,  in 
which  smaller  interests  are  located.  The  second  region  in  impor- 
tance is  in  the  west-central  part  of  the  State  and  includes  Hancock, 
Adams,  Pike,  and  Calhoun  Counties,  all  of  which  border  on  the  Mis- 
sissippi River,  and  Greene  and  Jersey  Counties,  which  are  adjacent  to 
Calhoun  on  the  east  A  third  area  fairly  well  defined  is  in  the  ex- 
treme southern  part  of  the  State  and  consists  of  the  following  coun- 
ties: Jackson,  Williamson,  Saline,  Gallatin,  Union,  Johnson,  Pope, 
and  Massac  In  addition  to  these  three  somewhat  well-defined 
areas,  there  are  important  individual  orchards  in  a  number  of  other 
counties,  including  Champaign,  Dewitt,  Macon,  McLean,  Bureau, 
and  perhaps  others. 

Varieties. — The  principal  varieties  for  most  parts  of  Illinois  are 
Ben  Davis,  Grimes,  Jonathan,  and  Rome  Beauty.  In  the  extreme 
southern  counties,  in  addition  to  the  first  three  named,  Stayman 
Winesap,  Winesap,  and  York  Imperial  are  important  sorts. 

In  Marion  County,  summer  apples  are  grown  quite  extensively. 
Yellow  Transparent,  Oldenburg,  and  Benoni  are  especially  impor- 
tant varieties. 

Other  varieties  of  more  or  less  general  importance  in  most  sections 
of  the  State  include  Early  Harvest,  Red  June,  Maiden  Blush,  and 
Wealthy  for  early,  and  Gano,  Minkler,  Willowtwig,  and  a  few 
others  for  long-keeping  sorts. 
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MICHIGAN. 


Distribution^ — The  commercial  apple  interests  in  Michigan  exteod 
throughout  the  western  portion  of  the  State  from  Berrien  County  in 
the  southwest  to  the  Grand  Travei'se  region  in  the  northwest.  This 
region  covers  approximately  the  first  and  second  tiers  of  counties 
from  Lake  Michigan  as  far  north  as  Manistee  County,  one  tier  north- 
ward from  and  including  that  county,  and  Benzie,  Leelanau,  and 
parts  of  Grand  Traverse,  Antrim,  and  Charlevoix  Counties.  Oak- 
land County,  in  the  sputheastem  part  of  the  State,  also  contains 
large  apple  interests,  as  well  as  several  others  in  the  two  southern 
tiers.  Besides  the  regions  thus  indicated,  orchards  of  commercUl 
standing  occur  in  most  sections  of  the  lower  peninsula.  Apples  are 
of  comparatively  little  commercial  importance  in  the  northern  penin- 
sula. 

Varieties. — Baldwin,  Fameuse,  Grimes,  Hubbardston,  Jonathan, 
Mcintosh,  Maiden  Blush,  Northern  Spy,  Oldenburg,  Red  Canada, 
Rhode  Island  Greening,  Tompkins  King,  Wagener,  Wealthy,  and 
Yellow  Transparent. 

The  relative  commercial  importance  of  the  above  varieties  is  sug- 
gested with  fair  accuracy  by  the  percentages  given  in  Table  IIL 


WISCONSIN. 


Distribution. — A  large  part  of  the  apples  produced  in  Wisconsin 
ore  grown  in  home  orchards,  a  considerable  proportion  of  which  are 
in  the  counties  in  the  southeastern  part  of  the  State  bordering  on 
Lake  Michigan.  Commercial  interests  of  considerable  extent  are 
located  in  Door  County,  north  of  the  channel,  including  Washing- 
ton Island,  and  north  of  the  Wisconsin  Kiver  in  the  southwestern 
part  of  the  State,  in  Crawford,  Richland,  and  Sauk  Counties.  Ccan- 
mercial  orchards  also  occupy  a  relatively  small  area  in  the  Bayfield 
Peninsula  in  the  extreme  northern  part  of  the  State,  where  ti» 
ameliorating  influence  of  Lake  Superior  on  the  winter  temperatures 
makes  possible  the  production  of  fruits  which  it  is  quite  impossible 
to  grow  in  other  northern  parts  of  the  State. 

Varieties, — Dudley,  Fameuse,  Mcintosh,  McMahon,  Northwestern, 
Oldenburg,  and  Wealthy. 

The  secretary  of  the  Wisconsin  Horticultural  Society  reports  that 
only  such  varieties  as  Hibernal,  Malinda,  Oldenburg,  Longfield,  and 
Charlamoff  are  hardy  north  of  parallel  45°  except  in  the  Bayfield 
Peninsula  region. 

WEST  NORTH-CENTRAL  STATES. 

MINZ^ESOTA. 

Distribution. — ^While  some  of  the  very  hardy  varieties  of  apples 
are  quite  widely  grown  throughout  the  southern  sections  of  Mume- 
sota,  the  conunercial  interests,  which  are  not  extensive,  are  rather 
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definitely  confined  to  the  southeastern  part  of  the  State.  Probably 
the  most  important  section  is  the  Minnetonka  Lake  region  in  Henne- 
pin and  Carver  Counties,  but  orchards  of  some  commercial  impor- 
ance  occur  in  the  counties  that  comprise  a  triangular  area  in  the 
southeastern  part  of  the  State  that  is  bordered  by  the  Mississippi 
River,  extending  as  far  north  as  and  including  Wright  County,  and 
on  the  west  in  a  general  way  by  a  line  passing  from  that  county 
through  the  eastern  part  of  Jackson  County,  which  is  in  the  south- 
central  part  of  the  State.    This  area  is  indicated  on  the  map  (fig.  8). 

Varieties, — The  varieties  chiefly  grown  are  the  hardy  sorts — Hiber- 
nal, Northwestern,  Oldenburg,  Patten,  Scott  Winter,  Wealthy,  and 
Wolf  River. 

Considerable  attention  has  been  given  to  the  possibility  of  grow- 
ing some  of  the  tenderer  but  higher  quality  varieties  by  top-working 
them  on  hardy  varieties,  such  as  Patten,  Wealthy,  and  the  Virginia 
crab.  So  handled,  such  varieties  as  Banana,  Grimes,  and  Jonathan 
have  been  grown,  with  promise  of  considerable  success. 

"^  IOWA. 

Distribution. — Apple  growing  is  distributed  rather  generally  in 
Iowa,  being  appreciably  more  extensive  in  the  southern  than  in  the 
northern  part,  with  the  chief  commercial  interests  in  the  southwestern 
section  in  Fremont,  Page,  Taylor,  Mills,  Pottawattamie,  and  Harri- 
son Counties, 

Varieties, — For  northern  Iowa,  where  resistance  to  severe  winter 
conditions  is  an  essential  tree  quality:  Brilliant,  Malinda,  Northwest- 
ern, Oldenburg,  Patten,  Salome,  Wealthy,  and  Windsor.  For  south- 
ern Iowa,  where  the  principal  commercial  interests  are  located:  Ben 
Davis,  Grimes,  Gano,  Jonathan,  Stayman  Winesap,  and  Winesap. 

The  following  is  a  list  of  varieties  (named  in  the  approximate  or- 
der in  which  they  ripen)  suitable  for  planting  in  most  parts  of  the 
State  where  a  continuous  supply  of  fruit  from  early  to  late  is  desired 
for  home  use :  Yellow  Transparent,  Li  viand,  Oldenburg,  Charlamoff, 
^Vhitney,  Benoni,  Dyer,  Wealthy,  Brilliant,  Patten,  Ramsdell 
(sweet),  Fameuse,  Mcintosh,  Northwestern,  Black  Annette,  Tolman 
(sweet),  and  Windsor. 

inssouBi. 

Distribution,— The  Thirteenth  Census  reported  for  Missouri  nearly 
3,000,000  more  apple  trees  of  bearing  age  than  for  any  other  one 
State,  and  it  was  exceeded  by  only  two  States  in  the  number  of  trees 
not  of  bearing  age.  This  naturally  means  a  very  general  distribu- 
tion of  apples  throughout  the  State,  as  is  indicated  by  the  maps  (figs. 
8,  9,  and  10).    However,  there  are  certain  sections  in  which  the  more 
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important  ccomnercial  interests  have  been  developed.  Of  these  the 
Ozark  region  in  the  southwestern  part  of  the  State  is  doubtless  the 
most  widely  known.  The  orchards  in  this  region  are  located  largely 
in  McDonald,  Newton,  and  Lawrence  Counties,  and  in  those  througfa 
which  the  St  Liouis  and  San  Francisco  Eailroad  passes,  including 
Greene,  Webster,  Wright  (southern  pa^),  Texas  (southwestern 
part),  Howell,  and  Oregon  (southwestern  part).  In  the  northwest- 
ern part  of  the  State,  Holt,  Andrew,  Buchanan,  Platte,  and  Clay 
Counties  form  a  portion  of  an  important  district  which  is  made  up 
of  this  portion  of  northwestern  Missouri  and  adjacent  sections  of 
northeastern  Kansas,  southeastern  Nebraska,  and  southwestern  Iowa. 

There  are  also  important  localities  in  other  counties  in  Missoori 
(bordering  on  the  Missouri  River),  of  which  Jackson,  Lafayette, 
Carroll,  Saline,  and  Howard  may  be  especially  mentioned.  Pike 
County,  which  borders  on  the  Mississippi  River  in  the  northeasl^n 
quarter  of  the  State,  also  has  large  interests. 

Varieties. — Many  varieties  are  grown  in  the  commercial  orchards, 
but  the  leading  ones  are  Arkansas  (Manvmoih  Black  Twig),  Ben 
Davis,  Delicious,  Gano,  Grimes,  Ingram,  Jonathan,  Missouri  (Mis- 
sovH  Pippin)^  Winesap,  and  York  Imperial. 

NOBTH  DAKOTA. 

Distribution. — ^Apples  are  not  grown  commercially  in  North  Da- 
kota, except  as  they  may  be  marketed  locally  in  small  quantities  from 
some  of  the  anall  ranch  orchards. 

Varieties. — ^The  hardy  varieties  suggested  for  northern  Wisconsin 
and  for  Minnesota  include  those  commonly  planted  in  the  limited 
extent  to  which  apples  are  produced  in  this  State. 

SOUTH   DAKOTA. 

Distribution. — ^Apple  growing  can  hardly  be  termed  a  commercial 
industry  in  South  Dakota,  yet  the  conditions  in  a  considerable  por- 
tion of  the  State  admit  of  maintaining  small  home  orchards,  which 
supply  more  or  less  fruit  for  local  markets. 

The  State  Horticultural  Society  divides  the  State  into  four  dis- 
tricts: Northern — that  part  north  of  a  line  nmning  east  and  west 
through  Watertown ;  central — that  part  between  the  northern  district 
and  a  line  running  east  and  west  through  Sioux  Falls;  southern — the 
part  south  of  the  central  district;  Black  Hills — the  area  in  the 
southwestern  part  of  the  State  commonly  known  by  this  name. 

It  is  claimed  that  in  the  seven  or  eight  counties  in  the  extreme 
southeastern  comer  of  the  State  more  apples  are  grown  than  in  all 
the  rest  of  the  State  outside  the  Black  Hills  district. 
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Varieties. — The  State  Harticultural  Society  names  the  following 
for  the  different  districts: 

Nartliem  district, — First  degree  of  hardiness,  Hibernal  and  Oldenburg ;  second 
degree  of  hardiness,  Anislm,  Patten,  and  Wealthy. 

Central  district, — Same  as  for  the  northern  district,  with  Mallnda  added  to 
tlie  second  group. 

Southern  district, — ^Anlsim,  Iowa  Blush,  Malinda,  Northwestern,  Oldenburg, 
Patten,  and  Wealthy. 

Black  HHUs  district, — Summer :  Tetofski,  Yellow  Transparent,  Charlamofif,  and 
Old^burg.  Fall :  Wealthy,  Okabena,  Longfield,  Wolf  River,  and  Patten.  Win- 
ter :  Mcintosh,  Ben  Davis,  and  Gano. 

The  following  varieties  are  also  recommended  for  trial  generally 
throughout  the  State:  Dudley,  Iowa  Beauty,  Liyland,  Lcmgfield, 
Milwaukee,  and  Yellow  Transparent  The  Hibernal  is  especially 
recommended  as  a  hardy  stock  upon  which  to  top-work  otiier  va- 
rieties. 

NSBRASKA. 

DistrnbiUion. — Home  orchards  occur  widely  throughout  a  large 
portion  of  Nebraska,  but  especially  in  the  eastern  half.  The  commer- 
cial interests  are  quite  definitely  located  in  the  southeastern  section 
and  are  largely  in  the  following  counties:  Richardson,  Pawnee, 
Nemaha,  Johnson,  Gage,  Otoe,  Cass,  and  Lancaster  (all  south  of  the 
Platte  River) ;  and  Sarpy,  Douglas,  Saunders,  Washington,  and  Burt 
(north  of  the  Platte  and  bordering  on  the  Missouri  River), 

Varieties. — ^The  principal  commercial  varieties  are  Arkansas,  Ben 
Davis,  Grano,  Grimes,  Jonathan,  Missouri,  Wealthy,  Winesap,  and 
Oldenburg. 

For  general  planting,  the  above-named  varieties  may  be  used  in  a 
large  portion  of  the  State.  The  winter  varieties  in  the  list  are  the 
ones  commonly  f  oimd  in  the  home  orchards.  The  State  Horticultural 
Society  suggests  for  most  sections  the  following:  For  early  ripen- 
ing— Benoni,  Eai:ly  Cooper,  Early  Harvest,  Red  Astrachan,  and 
Yellow  Transparent.  For  fall  ripening — ^Dyer,  Maiden  Blush, 
Plumb  Cider,  and  Utter.  For  sections  where  the  conditions  are 
especially  severe,  the  varieties  named  for  the  southern  section  of 
South  Dakota  are  suggested  in  the  present  connection. 

KANSAS. 

Distribution. — So  far  as  the  general  distribtuion  of  apples  in  Kan- 
sas is  concerned,  the  conditions  are  not  materially  different  from 
those  in  Nebraska.  There  are  two  fairly  well-defined  regions  of 
commercial  interest.  One  of  these  is  in  the  northeastern  comer  of 
the  State,  and  this,  with  contiguous  areas  in  the  adjacent  States, 
makes  up  a  region  in  which  great  commercial  interests  are  located. 
The  part  of  this  region  in  Kansas  consists  primarily  of  the  following 
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counties :  Doniphan,  Brown,  Xemaha,  Atchison,  Jackson,  Wyandotte, 
Leavenworth,  Jefferson,  Shawnee,  Johnson,  Douglas,  Miami,  Frank- 
lin, and  Linn. 

The  second  region  is  in  the  Arkansas  River  valley  in  Eeno,  Sedg- 
wick, Cowley,  and  Sumner  Counties.  In  this  region  the  principal 
orchards  are  located  within  a  comparatively  short  distance  of  the 
river. 

It  should  also  be  added  that  there  are  large  orchards  in  many  other 
counties  in  the  eastern  part  of  the  State,  especially  south  of  the  Kan- 
sas River,  but  they  do  not  represent  the  heavy  concentration  of 
orchard  interests  that  prevails  in  the  regions  designated.  M(»:ris, 
Lyon,  and  Greenwood  Coimties  are  representative  of  this  latter 
group. 

Varieties. — Arkansas,  Ben  Davis,  Early  Cooper,  Gano,  Grimes, 
Jonathan,  Maiden  Blush,  Missouri,  Rome  Beauty,  Stayman  Winesap, 
Winesap,  and  York  Imperial.  The  Delicious  is  also  giving  promis- 
ing results  in  some  of  the  younger  orchards  in  both  of  the  principal 
commercial  regions.  In  the  Arkansas  River  valley  the  King  David 
is  highly  regarded  by  some  growers. 

SOUTH  ATLANTIC  STATES. 

DELAWARE. 

Distribution. — ^Apple  growing  is  rather  general  in  Delaware,  with 
the  largest  commercial  interests  located  in  the  central  part  of  the 
State  in  Kent  County.  Wyoming  is  probably  the  largest  shipping 
point.  Dover,  Smyrna,  and  Felton  are  other  points  having  inter- 
ests of  considerable  magnitude.  Middletown  in  Newcastle  County 
and  Bridgeville  in  Sussex  County  are  also  centers  of  some  impor- 
tance. 

Varieties. — Summer-apple  growing  is  a  prominent  phase  of  the 
industry.  The  following  early  sorts  are  largely  grown:  Yellow 
Transparent,  Early  Ripe,  Red  Astrachan,  and  Williams  (WHUams 
Early  Red).  The  principal  long-keeping  varieties  are  Arkansas  (or 
Paragon),^  Ben  Davis,  Jonathan,  Nero,  Rome  Beauty,  Stayman 
Winesap,  Winesap,  and  York  Imperial.  Grimes  is  reported  from 
the  vicinity  of  Middletown  and  King  David  from 'the  Wyoming 
section. 

MABYI„\ND. 

Distribution. — The  leading  apple-producing  counties  in  Maryland 
are  Allegany,  Washington,  Frederick,  Montgomery,  and  Kent.  The 
commercial  interests  are  somewhat  widely  distributed  in  these  coun- 
ties, while  individual  orchards  of  considerable  importance  occur  in 
many  other  parts  of  the  State. 

»See  footnote  under  •* New  Jersey"   (p.  17)  for  explanation  relating  to  these  yarletJes. 
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Varieties. — Ben  Davis,  Grimes,  Jonathan,  Oldenburg,  Stayman 
Winesap,  Williams,  Winesap,  Yellow  Transparent,  and  York  Im- 
perial. In  some  of  the  Eastern  Shore  counties  the  Arkansas  (or 
Paragon)  occurs  frequently,  while  in  Garrett  County,  in  the  extreme 
western  part  of  the  State,  where  the  elevations  are  high,  the  Bald- 
win is  a  relatively  important  variety. 

VIBGIKIA. 

Distribution, — The  commercial  apple-orchard  interests  in  Virginia 
ai-e  located  mostly  in  the  Piedmont,  Blue  Ridge,  and  Shenandoah 
Valley  regions.  In  a  general  w^ay,  the  statement  is  accurate  that 
these  thi'ee  regions  include  the  two  tiers  of  counties  which  extend 
in  a  northeast-southwest  direction  throughout  the  State  and  which 
have  a  common  boundary  on  the  crest  of  the  Blue  Ridge  Mountains. 
In  some  sections  where  the  counties  are  small,  this  area  is  three 
counties  in  width.  This  territory  as  a  commercial  apple-producing 
area  may  be  said  to  extend  as  far  west  as  Pulaski  and  Carroll  Coun- 
ties, but  interests  of  considerable  magnitude  are  being  developed  in 
other  counties  in  the  southwestern  part  of  the  State,  including  Gray- 
son, Wythe,  Smythe,  Russell,  and  possibly  others.  Several  counties 
in  the  northern  part  of  Virginia  also  have  orchards  of  considerable 
importance  individually,  but  they  do  not  make  up  community  inter- 
ests of  large  extent. 

Varieties. — ^While  many  varieties  occur,  especially  in  the  older 
orchards,  those  which  largely  make  up  the  commercial  industry  are 
Arkansas  {Mammoth.  Black  Twig)^  Ben  Davis,  Grimes,  Rome 
Beauty,  Stayman  Winesap,  Winesap,  Yellow  Newtown  {Albemxirle 
Pippin) — grown  to  some  extent  in  the  coves,  on  the  spurs,  and  on 
the  eastern  slope  of  the  Blue  Ridge — and  York  Imperial. 

WEST   VIKOINIA. 

Distribution,. — ^There  are  three  regions  in  West  Virginia  of  par- 
ticular prominence  for  commercial  apple  production.  The  seven 
counties  that  comprise  the  eastern  "  panhandle,"  so-called,  form  one 
of  these  regions,  the  four  eastern  counties  constituting  the  more  im- 
portant part.  The  four  counties  that  constitute  the  northern  pan- 
handle make  another  region  of  considerable  prominence,  Hancock 
County  being  the  most  widely  known  section  of  this  region.  A  third 
region  consists  of  the  counties  that  border  on  the  Ohio  River,  ex- 
tending from  and  including  Wayne  County  on  the  south  to  Pleasant 
County  on  the  north.  In  this  region  the  orchards  are  located  mostly 
within  a  few  miles  of  the  river. 
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The  northern  panhandle  region  is  in  some  respects  a  northern  ex- 
tension of  this  Ohio  Eiver  valley  region,  but  the  existence  of  certain 
climatic  differences  warrants  their  recognition  as  separate  regions. 

Commercial  orchards  of  some  prominence  exist  in  other  counties, 
as  in  Barbour,  Kandolph,  Greenbrier,  and  perhaps  others,  but  the 
interests  in  them  are  not  heavily  centralized. 

Varieties. — Arkansas  {Mammoth  BJ<ick  Twig)^  Baldwin,  Ben 
Davis,  Gano,  Grimes,  Jonathan,  Rome  Beauty,  Stayman  Winesap, 
Wealthy,  Willowtwig,  and  York  Imperial. 

The  Ohio  River  valley  region  is  characterized  by  the  Rome 
Beauty;  the  northern  panhandle  region  by  Baldwin  and  Willowtwig. 
The  eastern  region  is  the  northern  extension  of  the  Shenandoah 
Valley  region  in  Virginia. 

NORTH   CABOUNA. 

Distribution, — ^The  commercial  apple  interests  in  North  Carolina 
are  located  in  the  mountain  districts  in  the  western  part  of  the  State. 
The  principal  centers  are  in  Surry  County  about  Mount  Airy ;  in  the 
Brushy  Mountain  section,  tributary  to  Northwilkesboro  in  Wilkes 
County;  and  Buncombe  and  Haywood  Counties.  As  in  West  Vir- 
ginia, orchards  of  considerable  size  are  located  in  other  counties  thjui 
those  named,  but  as  a  rule  they  do  not  constitute  large  community 
interests. 

Varieties. — Arkansas,  Grimes,  Limbertwig,  Rome  Beauty,  Royal 
Limbertwig,  Stayman  Winesap,  Winesap,  and  York  Imperial.  In 
some  of  the  older  orchards,  especially  in  Buncombe  and  Haywood 
Counties,  the  Yellow  Newtown  {Albemarle  Pippin)  occurs  more  or 
less,  but  it  is  rarely  planted  in  this  section  at  the  present  time.  The 
Limbertwig  occurs  mostly  in  the  orchards  in  Surry  and  Wilkes 
Counties.  The  Ben  Davis  comprises  7.5  per  cent  of  the  total  crop  of 
the  State;  Early  Harvest,  7.2  per  cent;  Horse,  7.2  per  cent;  and  Red 
June,  5.9  per  cent  (p.  5),  but  these  varieties  apparently  are  widely 
distributed  and  occur  more  largely  in  home  orchards  than  in 
those  of  commercial  size.  Though  the  Ben  Davis  is  in  some  of  the 
larger  orchards,  it  is  apparently  a  relatively  unimportant  variety 
from  a  commercial  standpoint.  The  Delicious  is  reported  to  do  well 
in  some  sections  of  western  North  Carolina. 

SOUTH   CABOLINA. 

Distribution. — The  commercial  apple  interests  in  South  Carolina 
are  relatively  small.  They  are  located  principally  in  the  extreme 
western  part  of  the  State  in  Spartanburg,  Greenville,  Anderson, 
Pickens,  and  Oconee  Counties. 
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Varieties. — ^The  relatively  long-keeping  varieties  that  are  consid- 
ered of  particular  value  in  the  above-named  counties  are  Arkansas 
(Mammoth  Black  Twig)^  Delicious,  Scott  Cluster,  and  Yates.  Other 
varieties  more  or  less  popular  are  Ben  Davis,  Gano,  Shockley,  and 
Winesap.  At  some  of  the  higher  elevations  in  Greenville,  Pickens, 
and  Oconee  Counties  the  Kinnard  is  valuable.  Early  Harvest,  Horse, 
and  Red  June  are  the  principal  summer  varieties.  The  early  varie- 
ties are  grown  somewhat  widely  in  the  central  as  well  as  in  the  west- 
em  sections  of  the  State. 


Distribution, — ^Apple  growing  in  Georgia  on  a  commercial  basis 
is  confined  principally  to  Rabun  and  Habersham  Counties  in  the 
northeastern  part  of  the  State.  A  few  orchards  have  been  devel- 
oped in  White,  Union,  Lumpkin,  and  other  counties  in  northern  and 
northwestern  Georgia,  where  the  elevations  in  the  southern  exten- 
sion of  the  Blue  Ridge  Mountains  are  comparatively  high.  No  apples 
of  importance  are  grown  south  of  Atlanta. 

Varieties. — ^Arkansas  (Mamvmoth  Black  Twig)^  Arkansas  Black, 
Ben  Davis,  Kinnard  (at  the  higher  elevations) ,  Shockley,  Stayman 
Winesap,  Terry,  Winesap,  Yates,  and  Yellow  Transparent.  The 
Limbertwig  (a  long-keeping  sort)  and  Early  Harvest,  Horse,  and 
Red  June  (summer  varieties),  taken  together,  constitute  relatively 
a  large  percentage  of  the  entire  crop  of  the  State,  but  they  do  not 
occur,  as  a  rule,  in  the  commercial  orchards.  This  suggests  the  fact 
that,  though  relatively  few  apples  are  grown  in  Georgia,  a  large 
proportion  of  the  total  is  produced  in  small  home  orchards,  of  which 
a  considerable  part  consists  of  the  three  summer  varieties  named 
above. 


Practically  no  apples  are  grown  in  Florida,  on  account  of  the 
mildness  of  the  climate  throughout  the  year. 

EAST  SOUTH-CENTRAL  STATES. 

KENTUCKY. 

Distribution. — ^The  commercial  orchards  in  Kentucky  are  located 
mostly  at  points  along  the  Ohio  River,  quite  largely  in  Campbell, 
Kenton,  Jefferson,  Hardin,  Henderson,  and  McCracken  Counties. 
Individual  orchards  and  relatively  small  community  interests  occur 
in  other  sections,  Warren,  Madison,  and  Bath  Counties  being  repre- 
sentative locations.  Formerly  there  were  very  extensive  orchards 
of  the  Ben  Davis  apple  in  Meade  and  Breckinridge  Counties,  which 
border  on  the  Ohio  Eiver  in  the  north-central  part  of  the  State, 
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lr;t  to  a  refr  moE^iertbie  csteBt  these  crdiards  have  ceased  to  be 
of  eccnmereial  nsportanee. 

T'a>^';>f4L— ArkaikSBS  iJf-Tfrtir^i  Blmdt  Tariff)  or  Paragtm,  Ben 
JHris,  Earlr  HuxcsL  Gano  tfor  BImdk  Bem^.  Grimes,  Jonathan, 
Hai^Ieo  Blush,  Book  Beactr,  ScajsaB  Wbicsap,  Wincsap,  and  Yd- 
Vyw  Transpamt.  In  sone  of  the  older  orchards  the  Limbertwig  tDii 
Bed  J'lne  occur  frequenllT. 


Z//^//T?^>yfiV>n.— ThoTigh  apple  growing  is  widely  distributed  ia 
Tenneraee,  the  actirities  of  commorial  importance  are  fairly  weB 
localized.  In  the  lower  Cumberland  Valley,  in  Bradley,  Hamilton, 
and  Bhea  Counties,  the  interests  arc  considerable.  In  Knox  and 
eeveral  other  counties  in  this  Talley  there  are  also  some  orchards. 
The  largest  region  is  in  the  central  part  of  the  State  and  includes 
Sumner,  Davidson,  Williamson,  Maury,  and  Lincoln  Counti^ 
Summer  apples  are  grown  quite  largely  in  this  region;  also  in  Hay- 
wood County,  in  the  southwestern  part  In  Obion  County,  in  the 
northwestern  part,  a  number  of  (wtrhards  are  being  developed. 

Varieties. — ^The  leading  commercial  summer  apples  are  Early 
Harvest,  Early  Kipe,  Fanny,  Oldenburg,  Wealthy,  and  Yellow 
Transparent.  The  later  keeping  sorts  most  commonly  planted  are 
Ben  Davis,  Paragon  (or  Arkansas),  Stayman  Winesap,  Winesap, 
and  York  Imperial  In  many  of  the  small  orchards  that  have  been 
planted  a  long  time  Limbertwig,  Horse,  and  Red  June  occur. 

ALABAMA. 

Distrihution. — The  commercial  apple  industry  in  Alabama  is  of 
rather  small  proportions,  yet  there  are  a  few  places  where  orchards 
of  some  importance  have  been  developed.  These  are  located  mosUy 
on  the  mountain  ridges  or  spurs  in  the  northeastern  comer  of  the 
State.  De  Kalb  and  Madison  Counties,  as  well  as  some  others,  have 
such  orchards.  Farther  south,  in  the  east-central  part  of  the  State, 
one  variety — the  Yates — is  said  to  be  grown  in  some  quantity.  Id 
the  southern  half  of  the  State  very  few  apple  trees  occur. 

Vanetiea. — ^At  the  higher  elevations  in  northeastern  Alabama  the 
Early  Harvest  and  Horse,  for  summer  sorts,  are  said  to  do  especially 
well.  Longer-keeping  varieties  commonly  planted  are  Arkansas, 
Gano  (or  Black  Ben)^  Kiijnard,  Stayman  Winesap,  Winesap,  and 
Yates.  In  certain  orchards  the  Collins  and  Delicious  are  considered 
promising.  For  locations  other  than  those  having  relatively  hi^ 
elevations,  the  San  Jacinto,  an  early  sort,  apparently  not  mnch 
planted  in  Alabama,  and  for  later  varieties  the  Terry  and  Yates  may 
be  expected  to  do  well.  The  Terry  is  planted  quite  widely  in  Greorgi*- 
In  some  sections  of  the  far  South  the  Kinnard  also  is  relatively 
satisfactory. 
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MISSISSIPPI. 

Distribution'' — ^While  a  few  apple  trees  occur  in  many  parts  of 
Mississippi,  particularly  in  the  northern  part  of  the  State,  the  in- 
terests are  hardly  to  be  rated  as  commercial,  except  as  the  orchards 
may  supply  a  little  fruit  for  local  markets.  Prentiss,  Lee,  and  Pon- 
totoc Counties  (all  in  the  northeastern  part  of  the  State)  have  been 
mentioned  as  having  apple  orchards  of  some  extent. 

Vaiieties. — The  varieties  named  under  "Alabama ''  are  suggested 
also  for  the  corresponding  sections  of  Mississippi. 

WEST  SOUTH^ENTRAL  STATES. 

-\BKANSA8. 

Distribution. — The  St.  Louis,  Iron  Mountain  &  Southern  Railway, 
which  from  the  north  enters  Arkansas  near  the  northeastern  comer 
of  the  State  and  passes  in  a  southwesterly  direction  to  Texarkana, 
which  is  near  the  southwestern  comer,  divides  the  State  in  a  general 
way  into  two  approximately  equal  sections.  The  portion  of  the 
State  lying  west  of  the  railroad  named  produces  practically  all  of  the 
apples  grown  in  Arkansas.  While  they  are  distributed  to  a  limited 
extent  in  the  southeastern  section,  the  quantijby  produced  there  is 
negligible.  In  the  northwestern  section  there  are  a  good  many 
orchards  of  commercial  importance  that  are  widely  distributed. 
However,  the  apples  which  are  a  substantial  factor  in  the  trade  are 
produced  in  five  or  six  counties  in  the  northwestern  comer,  these 
counties  being  Benton,  Washington,  Carroll,  Madison,  and  Boone. 
Other  counties  in  the  same  section  of  the  State  which  are  of  sec- 
ondary importance  in  apple  production  are  Crawford,  Franklin,  and 
Searcy.  The  commercial  orchards  which  occur  in  other  counties  in 
the  northwestern  section  of  the  State  are  more  or  less  isolated  and 
do  not  represent  large  unit  interests. 

Varieties. — A  large  number  of  varieties  occur  in  the  commercial 
orchards  in  Arkansas,  but  a  very  large  proportion  of  the  product 
consists  of  the  following:  Arkansas  {Marmnoth  Black  Twig)^  Ben 
Davis,  Gano,  Grimes,  Jonathan,  Maiden  Blush,  and  Winesap.  In 
the  younger  orchards  Stayman  Winesap  is  an- important  variety,  but 
it  has  not  yet  been  marketed  in  large  quantities  from  this  State. 

LOUISIANA. 

Distribution. — ^A  few  apples  are  grown  for  home  use  in  the  north- 
em  portion  of  Louisiana.  From  a  commercial  standpoint  the  quan- 
tity of  fruit  produced  is  negligible. 

Varieties. — No  special  recommendations  are  made  as  to  varieties 
aside  from  those  under  ^'Alabama  "  for  locations  other  than  those 
having  relatively  high  elevations. 

Digitized  by  VjOOQIC 


30  BULLETIN  486,  U.  S*  DEPARTMENT  OP  AGBICULTUBE. 


OKLAHOMA. 


Distrihution. — ^While  there  are  a  good  map.y  commercial  apple 
orchards  in  Oklahoma  they  are  rather  widely  distributed,  with  no 
very  large  centralization  of  the  industry  at  any  one  point.  With  the 
State  divided  in  a  general  way  into  eastern,  central,  and  western 
thirds,  the  most  of  the  commercial  orchards  occur  in  the  central  third 
of  the  State.  Some  fairly  representative  localities  m  which  apples 
are  grown  to  some  extent  conmiercially  are  Ada  in  Pontotoc  Countv, 
Konawa  in  Seminole  County,  Guthrie  in  Logan  County,  and  Enid 
in  Garfield  County.  The  fruit  from  some  of  these  orchards,  as  well 
as  from  those  located  in  other  parts  of  the  State  which  are  somewhat 
isolated,  is  sold  very  largely  in  local  markets. 

Varieties. — ^As  in  many  other  States,  a  large  number  of  varieties 
have  been  planted  in  Oklahoma,  but  the  really  important  sorts  con- 
sist of  a  comparatively  small  number,  as  follows:  Arkansas  {Mam- 
moth Black  Twig)^  Arkansas  Black,  Ben  Davis,  Gano,  Grimes, 
Jonathan,  Maiden  Blush,  Missouri,  Red  June,  Stayman  Winesap, 
"Winesap,  Yellow  Transparent,  and  York  Imperial. 

In  the  south-central  part  of  the  State  where  the  summers  are  long 
and  usually  very  hot  it  is  believed  that  the  varieties  suggested  for  the 
lower  elevations  in  Alabama  could  be  planted  with  more  satisfaction 
than  many  of  those  which  now  comprise  the  orchards  in  that  part 
of  the  State. 

TEXAS. 

Distribution. — ^Apples  are  relatively  unimportant  in  Texas,  thougji 
they  are  more  or  less  widely  distributed  in  the  northern  third  of  the 
State.  This  includes  in  a  general  way  that  part  of  Texas  which  lies 
north  of  A  line  extending  from  the  southeastern  corner  of  New  Mexico 
due  east  to  about  the  central  portion  of  the  State,  then  somewhat 
northeasterly  to  Marion  County  in  the  northeastern  part  of  the  State. 
In  the  section  thus  indicated  there  are  no  large  areas  devoted  to  com- 
mercial apple  production,  though  a  good  many  orchards  of  conmier- 
cial  size  occur.  These  are  reported  to  be  somewhat  centralized  in 
Erath  and  Eastland  Counties,  in  northern  Comanche  County,  in  the 
southern  portion  of  the  first  northern  tier  of  counties,  and  in  the 
northern  portion  of  the  second  tier  of  counties  in  the  northeastern 
part  of  the  State.  This  territory  extends  in  a  general  way  from  Red 
River  County  in  the  east  as  far  westward,  possibly,  as  Baylor  County. 
In  the  panhandle  region  interests  of  some  importance  have  been 
developed  in  Hale  and  Lubbock  Coimties.  In  the  extreme  western 
part  of  the  State,  a  section  which  includes  the  northern  part  of 
Brewster  County,  the  western  portion  of  Pecos  County,  and  eastan 
part  of  Jeff  Davis  County  ^ould  be  mentioned  in  this  connection. 
Apples  are  also  grown  to  a  limited  extent  in  the  region  of  El  Paso. 
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Varieties. — Variaus  lists  of  varieties  have  been  suggested  for  dif- 
ferent parts  of  Texas,  but  there  is  considerable  similarity  in  them. 
Some  of  the  more  comprehensive  lists  include  a  number  of  varieties 
not  often  grown  in  other  States.  For  northern  Texas  the  following 
varieties  have  been  recommended:  Arkansas  {M(wwu>th  Black 
Tvng)^  Arkansas  Black,  Becker,  Bledsoe,  Early  Harvest,  Grano, 
Jonathan,  Kinnard,  Lincoln,  Missouri,  San  Jacinto,  Stayman 
Winesap,  and  Summer  Queen. 

Other  lists  for  this  section  of  Texas  include,  in  addition  to  the 
above,  Ben  Davis,  Doyle,  Maiden  Blush,  Bed  June,  Yellow  Trans- 
parent, and  others*  It  may  be  stated  also  that  the  lists  that  have  been 
recommended  for  other  sections  of  the  State  consist  very  largely  of 
different  combinations  of  the  varieties  named  above. 

MOUNTAIN  STATES. 

In  the  Mountain  States,  commercial  fruit  growing  is  confined  very 
largely  to  rather  restricted  areas  in  the  valleys  so  located  that  they 
can  be  irrigated.  Very  few  of  the  commercial  orchards  in  the  States 
in  this  division  are  maintained  without  irrigation. 

MONTANA. 

In  Montana  there  are  at  the  present  time  six  fairly  well  defined 
valley  areas  where  apples  are  grown,  as  follows: 

(1)  The  Bitter  Root  Valley  In  RaTalU  Connty  and  Southern  Missoula  County, 
the  fruit  district  extending  from  Darby  to  Missoula. 

(2)  The  Flathead  Lake  district  in  the  southern  part  of  Flathead  County, 
the  orchards  being  located  largely  on  the  shores  of  the  lake  and  extending 
northward  to  KalispelL 

(3)  The  Kootenai  Valley  In  Lincoln  County,  this  valley  area  extending  from 
EiUreka  In  the  north  nearly  to  the  border  line  of  the  State  on  the  west. 

(4)  The  Clark  Fork  valley  in  Sanders  County  between  Plains  and  Thompson. 

(5)  The  valley  of  the  Clark  Fork  of  the  Yellowstone  River  in  Carbon  County 
from  Fromberg  to  the  junction  of  the  fork  with  the  Yellowstone. 

(6)  The  Yellowstone  River  valley  in  Yellowstone  County,  centering  about 
BUlings. 

Varieties. — ^A  smaller  number  of  varieties  have  been  planted  in  the 
orchards  in  Montana  than  is  the  case  in  most  commercial  apple- 
growing  regions.  In  the  areas  designated  as  Nos.  1,  2,  3,  and  4,  Mc- 
intosh, Rome  Beauty,  and  Wealthy  are  the  principal  varieties.  To  a 
lesser  extent,  Delicious,  and  Wagener  are  planted.  In  area  2  Tomp- 
kins King  is  also  grown.  In  areas  5  and  6  Gano,  Mcintosh,  and 
Wealthy  are  chiefly  grown. 

IDAHO. 

Distribtction.'^At  the  present  time  the  most  important  apple- 
orchard  interests  of  Idaho  are  located  in  the  southwestern  part  of 
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the  State.  There  are  se^'eral  important  centers  of  production,  as 
follows : 

DiMrict  i.— Xortbern  Idaho,  which  includes  two  sections,  one  centering  about 
Bonners  Ferry  in  the  extreme  northern  part  of  the  State  and  the  other  atXNit 
Post  Falls  in  the  northern  portion  of  Kootenai  County. 

District  2, — ^The  Palouse  region  in  Latah  County,  which  extends  also  Into 
Whitman  County  in  eastern  Washington. 

District  3, — The  Lewiston  region,  in  Nez  Perce  County  and  also  in  the  Snaloe 
River  valley. 

District  4- — ^The  Council  Valley,  extending  between  Council  and  Weiser, 

District  5. — The  Payette  Valley,  centering  about  Payette  and  Emmett. 

District  (J. — The  Boise  Valley,  with  centers  of  production  about  GaldweO, 
Nampa,  and  Boise. 

District  7. — The  Snake  River  canyon  region,  which  includes  that  portimi  of 
the  Snake  River  valley  which  lies  between  the  point  where  the  river  croaaea 
the  State  line  into  Oregon  and  the  Twin  Falls  region,  where,  at  various  potnti 
in  the  coves  made  by  the  river,  orchards  of  some  importance  have  been  planted. 

District  8, — The  Snake  River  valley,  in  the  Twin  Falls  region  in  the  sontli- 
central  part  of  the  State. 

District  9, — The  Blackfoot  and  Idaho  Falls  region  in  the  Snake  River  vaUey, 
in  the  southeastern  part  of  the  State. 

Varieties. — The  varieties  in  the  following  list,  with  numbers  cor- 
responding to  those  used  to  designate  the  several  districts,  include 
the  more  important  sorts  :^ 

District  1. — Banana  (Winter  Banana) y  Jonathan,  Rome  Beauty,  Tompkioa 
King,  and  Wagener. 

District  2. — Jonathan,  Grfmes,  Rome  Beauty,  and  Wagener. 

District  3, — Delicious,  Esopus  (Spitzenhcrg) ,  Jonathan,  Rome  Beauty,  Wine- 
sap,  and  Yellow  Newtown. 

Districts  J,  5,  and  6. — Arkansas  Black,  Ben  Davis,  Delicious,  Gano,  Jonathan, 
Rome  Beauty,  and  Winesap. 

District  7. — Delicious,  Gano,  Jonathan,  Rome  Beauty,  and  Winesap. 

District  8, — Delicious,  Grimes,  Jonathan,  Rome  Beauty,  Stayman  Wineeam 
Wagener,  and  Winesap. 

District  9, — Gravenstein,  Mcintosh,  and  Wealthy. 

A  considerable  number  of  other  varieties  are  mentioned  in  Bulletin 

83  of  the  Idaho  experiment  station  ^  as  being  of  secondary  importance 
in  each  of  the  districts.  For  the  northern  districts  the  principal 
secondary  varieties  are  Baldw  in,  Gravenstein,  Grimes,  Northern  Spy, 
Oldenburg,  Wolf  River,  Yellow  Bellflower,  and  Yellow  Transparent 
For  the  other  districts,  the  following  comprise  the  principal  sec- 
ondary varieties  where  not  named  in  the  lists  of  first  importance: 
Banana,  Early  Harvest,  Gravenstein,  Mcintosh,  Oldenburg,  Rhode 
Island  Greening,  Stayman  Winesap,  "White  Pearmain,  and  Wealfliy. 

^  The  varieties  here  listed  for  the  varioas  districts  are  substantially  those  recommeadei 
by  the  Idaho  Agricultural  Experiment  Station.  (Vincent,  C.  C,  and  Downing  G.  J^ 
Recommended  varieties  of  fruit  for  Idaho.  Idaho  Agr,  Ezp.  Sta.  Bui.  83,  14  pu,  nafu 
1915.) 
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The  following  varieties  comprise  the  principal  ones  grown  in  the 
State  on  the  basis  of  the  relative  quantity  of  each  in  the  average 
crop  for  all  the  districts:  Ben  Davis,  Jonathan,  Tompkins  King, 
Borne  Beauty,  and  Winesap.     (See  p.  7.) 

WTOMINO. 

Distribution.— As  yet  practically  no  commercial  fruit  growing  has 
been  developed  in  Wyoming.  In  a  few  sections  where  apples  are 
grown  the  fruit  is  sold  in  local  markets,  but  elsewhere  the  fruit  is 
produced  only  in  small  ranch  orchards  for  home  use.  The  most 
important  apple-orchard  interests  are  located  in  the  valley  of  the 
Bighorn  River  and  its  tributaries  in  Bighorn,  Washakie,  and  Hot 
Springs  Counties;  also  in  the  valley  of  the  Platte  River  in  Natrona, 
Converse,  Platte,  and  Goshen  Counties.  Orchards  more  or  less 
widely  separated  also  occur  in  Crook,  Johnson,  and  Sheridan  Coun- 
ties in  the  northeastern  portion  of  the  State. 

Varieties. — Because  of  the  rather  adverse  climatic  conditions,  only 
the  more  hardy  varieties  succeed.  Those  most  planted  are  Long- 
field,  Northwestern,  Wealthy,  and  Wolf  River.  Doubtless  other 
•hardy  varieties  named  under  South  Dakota  and  also  for  the  northern 
sections  of  Minnesota  and  Wisconsin  could  be  grown  with  some  de- 
gree of  success. 

COLORADO. 

Distribution. — There  are  several  well-defined  valleys  or  areas  in 
Colorado  where  apples  are  of  large  commercial  importance,  as  fol- 
lows : 

(1)  The  northern  district  includes  the  eastern  portion  of  Larimer  and 
Boulder  Counties,  the  northeastern  portion  of  Jefferson  County,  the  western 
portion  of  Arapahoe  and  Adams  Counties,  and  the  southwestern  portion  of 
Weld  County. 

(2)  The  southeastern  district  is  located  in  the  Arkansas  Biver  vaUey  and 
extends,  with  some  breaks  in  the  continuity  of  the  orchards,  from  the  Canon 
City  section  in  EYemont  County  nearly  to  the  eastern  border  of  the  State, 
although  comparatively  few  orchards  of  Importance  have  been  planted  east  of 
Otero  and  Crowley  Counties. 

(3)  The  southwestern  district  may  be  said  to  consist  of  two  sections,  one  of 
which  is  in  the  northeastern  portion  of  Montezuma  County  and  the  other  in 
the  central  and  northern  portion  of  La  Plata  County,  extending  somewhat  into 
San  Juan  County. 

(4)  The  west-central  district  consists  of  the  Grand  Valley  (extending  from 
Palisades  to  Fruita),  the  Uncompahgre  Valley  (extending  from  Delta  and 
adjacent  sections  to  Montrose),  and  the  valley  of  the  North  Fork  of  the  Gun- 
nison, with  important  centers  of  production  at  Paonia  and  Hotchkiss. 

There  are  other  points  in  the  valley  of  the  Grand  Eiver  above 
Palisades  where  apples  are  grown  to  some  extent,  Grand  Valley, 
Bifle,   and   Antlers  being   representative   points   where   there    are 
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orchards  of  commercial  standing.  Aside  from  these  disticts,  where 
the  commercial  apple  interests  are  large,  the  fruit  is  grawn  for  hcMoe 
use  in  other  parts  of  the  State,  though  where  water  for  irrigatioo 
is  not  available  the  conditions  do  not  admit  of  commercial  activities 
except  in  special  instances. 

Varieties. — The  varieties  suggested  for  the  several  commercial  dis- 
tricts mentioned  are  as  follows  : 

Northern  district — ^Ben  Davis,  Oano,  Jonathan,  Ralls  (Jeniton),  and  Sheriff. 

Southeastern  district — Maiden  Blush,  Jeffery,  Jonathan,  White  Pearmain, 
and  Wlnesap. 

Southwestern  district. — Delicious,  Jonathan,  White  Pearmain,  and  Wlnesaii. 

West-central  district. — Arkansas  (Mammoth  Black  Twig),  Arkansas  Black, 
Ben  Davis,  Delicious,  Gano,  Jonathan,  Rome  Beauty,  Stayman  Winesap,  and 
Winesap. 

The  leading  varieties  for  the  entire  State,  as  indicated  by  the  pro- 
portion of  each  in  the  average  crop,  are  as  follows :  Ben  Davis,  Jona- 
than, Gano,  Rome  Beauty,  and  Winesap.  (See  under  "Colorado" 
in  connection  with  Table  III.) 

NBW   MEXICO. 

• 

Distribution. — ^The  commercial  production  of  apples  in  New  Mex- 
ico is  limited  to  certain  irrigated  valleys.  These  districts  have  been 
clearly  defined  by  Garcia,  of  the  New  Mexico  Agricultural  Experi- 
ment Station,  in  Bulletin  75.^  In  this  bulletin,  10  valleys  and  sec- 
tions of  valleys  in  which  apples  are  grown  commercially  are  recog- 
nized. Since  the  bulletin  was  published  in  1910,  some  of  these  dis- 
tricts have  been  extended  more  or  less,  and  a  new  district  has  been 
developed  in  the  vicinity  of  Portales,  the  county  seat  of  Roosevelt 
County,  in  the  east-central  part  of  the  State.  The  districts  recog- 
nized are  designated  as  follows: 

(1)  Mimbres  Valley  district,  located  in  the  eastern  portion  of  Qrant  CouBty 
and  the  central  portion  of  Luna  Ck>anty  in  the  southwe^em  aurner  of  t lie  Stite. 

(2)  Rio  Grande  Valley  district,  the  largest  one  recognized,  extending  fro« 
the  southern  border  of  the  State,  in  Dona  Ana  County,  to  Santa  Fe  Ccmnty.  ia 
the  north-central  part  of  the  State. 

(3)  The  Otero  County  district,  in  the  northern  portion  of  Otero  Coonty,  to 
the  south-central  part  of  the  State. 

(4)  The  Lincoln  County  district,  in  the  southeastern  section  of  Lincote 
County. 

(5)  Pecos  Valley  district,  extending  from  Roswell  (in  Chaves  County)  to 
Carlsbad  (in  Eddy  County)  in  the  southeastern  comer  of  the  State. 

(6)  The  Colfax  County  district,  in  the  central  portion  of  Colfax  County,  {■ 
the  northeastern  part  of  the  Stata 

(7)  The  San  Miguel  district,  in  the  northwestern  corner  of  San  Miguel 
County. 

1  Garcia,  Fabian.  Apple  culture  UDder  irrlgatioiL  N.  Mex.  Agr.  Exp.  Stm*  BoL  7%. 
44  p.,  14  fig.     1910. 
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(8)  The  Santa  Fe  and  Rio  Arriba  district,  in  the  northern  portion  of  Santa 
Fe  County  and  the  southeastern  portion  of  Rio  Arriba  County. 

(9)  The  Taos  County  district,  in  the  central  part  of  Taos  County,  in  the 
north-central  part  of  the  State. 

(10)  The  San  Juan  County  district,  in  the  San  Juan  River  valley,  in  the 
northern  part  of  San  Juan  County,  in  the  northwestern  comer  of  the  State. 

(11)  The  Roosevelt  County  district  in  the  east-central  part  of  the  State, 
which,  as  already  indicated,  centers  about  Portales. 

Varieties. — ^In  districts  1,  2,  5,  and  11 :  Arkansas  {Mammoth  Black 
Twiff)  J  ArksjissLS  Blacky  Ben  Davis,  Gano  (or  Black  Ben)^  Jonathan, 
Eed  June,  Winesap,  and  Yellow  Transparent.  In  districts  3,  4,  6, 
7,  8,  9,  and  10:  Delicious,  Gano  (or  Black  Ben)^  Jonathan,  Maiden 
Blush,  Rome  Beauty,  Stajrman  Winesap,  White  Pearmain,  Wine- 
sap,  and  Yellow  Transparent. 

ARIZONA. 

Distribution. — ^While  apple  orchards  occur  in  various  portions  of 
Arizona,  the  principal  districts  in  which  they  are  of  commercial 
importance  are  in  the  valley  of  the  Gila  River,  in  Graham  County 
(in  the  southeastern  portion  of  the  State),  and  in  the  valley  of  the 
Verde  River,  in  the  eastern  portion  of  Yavapai  County  (in  the  center 
of  the  State). 

Varieties. — ^In  the  Gila  Valley :  Arkansas  Black,  Ben  Davis,  Gano 
(or  Black  Ben)^  and  Stayman  Winesap.  In  the  Verde  Valley:  The 
varieties  named  above ;  also  Jonathan  and  White  Pearmain. 

UTAH. 

Distribution. — Commercial  apple  growing  in  Utah  is  confined  prin- 
cipally to  three  irrigated  valleys  in  northern  portions  of  the  State. 
In  the  northeastern  part,  in  the  Cache  Valley,  along  the  western  slope 
of  the  Wasatch  Mountains,  many  apples  are  grown ;  also  in  the  valleys 
lying  north  of  Great  Salt  Lake,  in  the  eastern  portion  of  Box  Elder 
County.  A  third  valley  is  in  Davis  Coimty,  between  Great  Salt  Lake 
and  the  western  slope  of  the  Wasatch  Mountains.  This  valley  is 
practically  a  continuati(m  of  the  Cache  Valley.  In  some  of  the  small 
irrigated  valleys  in  other  sections  of  Utah  minor  apple  interests  have 
been  developed,  but  they  are  not  of  special  importance  commercially. 

Varieties. — ^The  varieties  grown  principally  are  Ben  Davis,  Gano, 
Jonathan,  Rome  Beauty,  and  Winesap.  In  some  sections  the  Ben 
Davis  and  Gano  (or  Black  Ben)  are  now  much  less  prominent  than 
they  were  formerly. 

NEVADA. 

Distribution. — ^A  few  apples  are  grown  in  some  sections  of  Nevada 
for  home  use,  but  there  is  no  commercial  apple  industry  in  this  State 
at  the  present  time. 
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PACIFIC  STATES. 

WASHINGTON. 

Distribution. — The  principal  commercial  apple  interests  in  Wa^- 
ington  are  located  in  irrigated  valleys  east  of  the  Cascade  Mountains, 
the  principal  centers  of  which  are  the  following: 

(1)  The  Yakima  Valley,  in  Yakima  County  and  the  western  part  of  Benton 
CJounty. 

(2)  The  Wenatchee  Valley,  extending  In  Chelan  County  from  Peshastin  to 
Wenatchee  and  bordering  on  the  Columbia  River  to  Malaga. 

(3)  The  area  about  the  Junction  of  the  Columbia  and  Snake  Rivers,  which 
form  the  boundaries  between  Walla  Walla,  Franklin,  and  Benton  Counties. 

(4)  The  Walla  Walla  Valley,  in  the  vicinity  of  Walla  WaUa. 

(5)  The  Snake  River  valley,  along  the  borders  of  Garfield,  Columbia,  and 
Whitman  Counties. 

(6)  The  Clarkston  district,  In  the  northern  portion  of  Asotin  County,  whicb 
with  the  Lewlston  district  in  Idaho  comprises  the  Lewiston-Clarkston  district, 
as  it  is  commonly  called. 

(7)  The  Palouse  district,  in  the  eastern  part  of  Whitman  County,  which,  to- 
gether with  a  corresponding  section  in  Latah  County,  Idaho,  comprise  a  more 
or  less  important  district. 

(8)  The  Spokane  district,  which  comprises  an  area  that  includes  the  Post 
Falls  district  in  Idaho,  the  northern  portion  of  Spokane  County,  the  southern 
part  of  Fend  Oreille  County,  and  the  southwestern  i)ortion  of  Stevens  County. 

(9)  The  Columbia  River  valley,  in  the  northern  portion  of  Stevens  and  Ferry 
Counties. 

(10)  The  Okanogan  Valley,  in  Okanogan  County. 

(11)  The  Lake  Chelan  district,  which  may  also  be  made  to  include  certain 
points  in  the  Columbia  River  valley  where  it  Is  the  boundary  between  Douglas 
and  Chelan  Counties  between  Lake  Chelan  and  Wenatchee. 

(12)  The  White  Salmon  district,  in  the  southwestern  part  of  Kllc^tat  County. 

(13)  The  Paget  Sound  region,  where  apples  are  grovm  in  the  aggregate  in 
quite  large  quantities,  but  do  not  constitute  an  industry  of  the  same  commer- 
cial purport  as  do  the  Interests  in  the  larger  valleys  east  of  the  mountains. 

Varieties. — The  principal  varieties  produced  in  most  of  the  com- 
mercial areas  are  Arkansas,  Arkansas  Black,  Ben  Davis,  Banana, 
Delicious,  Esopus  (Spitsenberg) ,  Gano,  Grimes,  Jonathan,  B^nne 
Beauty,  Stayman  Winesap,  White  Pearmain,  Winesap,  and  Yellow 
Newtown.  In  the  Puget  Sound  district,  Baldwin,  Gravenstein,  North- 
em  Spy,  Rhode  Island  Greening,  Tompkins  King,  and  various  other 
varieties  commonly  occur.  The  Esopus  (Spitzenberg)  and  Yellow 
Newtown  are  grown  only  to  a  limited  extent,  and  are  unimportant 
varieties  in  most  of  the  districts  in  Washington, 

OREGON. 

Distribution, — ^The  fruit  districts  of  Oregon  are  fairly  definitely 
delimited.  With  slight  exceptions  they  are  confined  to  certain  irri- 
gated valleys  as  follows : 

Eatit  of  the  Cascatfe  Range.— (1)  The  Grande  Hondo  Valley,  in  the  central 
part  of  Union  County ;  (2)  the  Walla  Walla  VaUey,  In  the  MUton-Freewater  see- 
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tlon  !n  Umatilla  County;  (3)  the  Hood  River  valley,  in  Hood  River  County, 
including  the  Mosier  Valley  in  the  northwestern  comer  of  Wasco  County ;  (4) 


The  Dalles  section,  also  In  Wasco  County,  a  section  relatively  unimi>ortaut  so 
far  as  apples  are  concerned,  the  stone  fruits  comprising  most  of  the  fruit  in* 
dustry. 


81 
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West  of  the  Cascade  Range.— (5)  The  WiUamette  Valley;  (6)  tbe  Ump^fu 
Valley,  in  the  central  part  of  Douglas  County;  (7)  the  Bogue  Blyer  valler,  in 
the  eastern  part  of  Josephine  County  and  the  central  part  of  Jackson  County. 

Varieties'. — ^There  is  more  or  less  uniformity  in  the  important  va- 
rieties in  the  different  valleys.  However,  the  leading  <mes  in  some 
sections  are  unimportant  in  others.  The  following  lists  are  based 
largely  on  recommendations  of  the  Oregon  Agricultural  Experiment 
Station :  ^ 

District  1, — ^Ben  Davis,  Gano,  Rome  Beauty,  Tompkins  Kin^r*  Wagener,  and 
York  Imperial ;  some  Banana  and  Delicious  in  the  younger  orchards. 

District  2. — ^Jonathan,  Rome  Beauty,  and  Winesap;  In  older  orchards,  Ben 
Davis  also,  but  the  trees  are  being  top-worked  more  or  le^  to  other  varieties. 

District  3. — Esopus  {Spitzemberg)  and  Yellow  Newtown  are  most  important; 
Arkansas  Black,  Jonathan,  Monmouth  (Bed  Cheek),  and  others  occur  to  soms 
extent. 

District  4. — ^The  few  apples  grown  In  this  section  (The  Dalles)  consist  largely 
of  the  Baldwin,  Ben  Davis,  IGsopus  (Spitzenberg),  Winesap,  and  Y^ow  New- 
town. 

District  5. — On  account  of  its  size  and  the  varied  conditions  in  this  valley 
(WiUamette)  a  rather  wide  range  of  varieties  is  grown,  the  pricipal  ooea 
being  Baldwin,  Esopus  (Spitsenberg),  Oano,  Gravensteln,  Grimes,  Jonathan, 
Northern  Spy,  Ortley,  Rhode  Island  Greening,  Rome  Beauty,  Tompkins  King 
(sometimes  watercores  badly),  and  Wagener. 

Districts  6  and  7. — ^Esopus  and  Yellow  Newtown  are  the  most  important; 
Jonathan  (in  district  6)  and  Jonathan  and  Winesap  (in  district  7)  also  occur 
to  some  extent 

The  percentage  of  each  of  the  different  varieties  in  the  nonaal 
commercial  crop  for  the  entire  State  is  indicated  in  ccamecti<m  with 
Table  III. 

CAUFOBNIA. 

Distribution. — Apple  growing  in  California  is  widely  distributed. 
From  100  to  500  acres  or  more  of  bearing  trees  occur  in  nearly  every 
county  in  the  State,  but  a  very  large  proportion  of  the  commercial 
crop  is  produced  in  two  or  three  sections.  The  Pajaro  Valley,  which 
includes  the  southern  part  of  Santa  Cruz  County  and  the  northern 
part  of  Monterey  County,  perhaps  more  commonly  called  the  Wat- 
sonville  district,  is  the  most  important  apple-growing  section  in 
California,  the  two  counties  named  producing  nearly  65  per  cent  of 
the  entire  crop  of  the  State.  The  Sebastopol  section  of  Son<Mna 
County  is  the  second  largest  district,  that  county  producing  about 
16  per  cent  of  the  normal  crop  of  the  State.  The  other  counties, 
each  of  which  produces  2  per  cent^  or  more  of  the  normal  crop  of 

1  Lewis,   C.   I.     Orchard  management.     Oreg.  Agr.  Exp.   Sta.  Bnl.   Ill,  96  p.,  41  flg, 

1911. 

«  Estimates  of  the  Office  of  the  California  State  Commissioner  of  Hoi-ticulture. 
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the  entire  State,  are  San  Bernardino  (4  per  cent),  Nevada  (3  per 
cent),  and  Los  Angeles  and  Humboldt  (each  2  per  cent).  The  pro- 
duction in  each  of  the  counties  not  named  in  the  present  connection 
is  less  than  2  per-  cent  of  a  normal  crop  of  the  State.  Recent  plant- 
ings in  San  Diego,  San  Bernardino,  and  Riverside  Counties  doubt- 
less will  increase  materially  the  apple  production  in  these  counties 
within  the  next  few  years. 

Varieties. — ^A  large  proportion  of  the  commercial  apple  crop  of 
California  is  made  up  of  three  varieties,  Yellow  Bellflower  and  Yel- 
low Newtown,  grown  in  the  Pajaro  Valley,  and  the  Gravenstein, 


Fio.  12. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  that 
portion  of  the  estimated  average  apple  crop  for  the  years  1909  to  1913,  inclusive, 
which  is  harvested  in  June.  E3ach  dot  represents  30,000  bushels.  The  arrangement 
of  the  dots  within  the  State  boundaries  has  no  significance. 

which  characterizes  the  output  from  the  Sebastopol  section  of  So- 
noma County. 

Perhaps  no  more  comprehensive  index  of  the  regional  value  of 
varieties  can  be  given  than  the  summary  of  the  responses  made  by 
apple  growers  to  a  request  issued  by  the  Office  of  the  California  State 
Commissioner  of  Horticulture  for  information  in  regard  to  what 
were  the  leading  sorts,  which  is  substantially  bs  follows : 

It  is  interesting  to  note  In  connection  with  first  choice  of  varieties  in  answer 
to  question  No.  12  [Name  your  leading  varieties  in  the  order  of  their  Impor- 

*Weldon,  Georjre  P.  Apple  srowing  in  California  ...  p.  124  [Sacramento],  1914, 
iHBoed  b7  the  Cailfomia  State  Commission  of  Horticulture. 
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tance]  that  one  man,  reporting  from  Bntte  County,  places  Black  B«i  first 
Four  reporting  from  El  Dorado  (no  two  agreeing)  gave  Rome  Beauty,  Eaojpos, 
Baldwin,  and  Sutton.  One  man  from  Fresno  reports  Fameuse  as  his  first  choke. 
Humboldt  CJounty  Is  represented  by  six  growers,  giving  Wagener,  Tompkins 
King,  Esopus,  and  Yellow  Bell  flower;  two  favored  Rhode  Island  Greening.  Two 
reports  from  Madera  County  were  received,  both  giving  White  Pearmaln  as  the 
leading  variety  for  that  section.  In  Mendocino  County  the  following  yarieties 
are  said  to  be  the  best  by  four  who  answered  the  questions:  Jonathan,  Swaar, 
Tompkins  King,  and  Baldwin.  One  report  from  Monterey  County  places  tlie 
Yellow  Newtown  first.  Eleven  orchardists  report^  from  Riverside  County, 
giving  a  lending  place  to  the  following:  King  David,  Esopus,  Rhode  Island 
Greening;  three  favored  Rome  Beauty  and  five  Delicious.  Eight  orchardists 
were  heard  from  in  San  Bernardino  County,  one  giving  the  Jonathan  first 


Fig.  18. — Outline  map  of  the  United  States,  showing  the  distrihotlon  by  States  of  tktt 
portion  of  the  estimated  average  apple  crop  for  the  years  1909  to  1913,  inclmtve^ 
which  is  harvested  in  July.  Each  dot  represents  30,000  bushels.  The  arrangoneat 
of  the  dots  within  the  State  boundaries  has  no  significance. 

place,  two  Wlnesap,  and  five  Rome  Beauty.  From  San  Diego  County  nine 
reports  came,  one  giving  Jonathan  as  the  leading  variety,  one  Julian  Duchess. 
one  Paragon,  three  Yellow  Newtown,  and  three  Yellow  Bellfiower.  As  would 
naturally  be  expected,  only  two  varieties  were  given  first  place  by  nine  of  the 
leading  orchardists  reporting  from  Santa  Cruz  County ;  six  favored  the  Y^ow 
Newtown  and  three  the  Yellow  Bellfiower. 

The  second  county  in  importance  from  the  standpoint  of  production,  vli, 
Sonoma,  is  represented  in  these  answers  by  eleven  growers,  eight  of  whom 
favor  the  Gravensteln,  one  the  Alexander,  one  the  Rome  Beauty,  and  one  the 
Yellow  Newtown.  One  report  from  Tehama  County  gives  the  Yellow  Newtown 
first  place. 

The  replies  to  the  above-mentioned  request  for  lists  of  the  leading 
sorts  in  the  different  sections  mentioned  in  all  some  48  different 
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varieties,  of  which  the  following  20,  listed  alphabetically,  are  given 
prominence  in  the  bulletin  already  cited,  because  of  their  relative  im- 
portance in  the  apple  industry  of  the  State : 

Abkansas  (Mammoth  Black  Twig), — Grown  only  to  a  limited  extent,  but 
has  some  very  desirable  characteristics. 

Abkansas  Black. — Rather  popular  in  some  parts  of  southern  California. 

Baldwin. — ^Does  quite  well  in  a  few  favored  localities  in  the  mountains. 
Quite  a  large  acreage  has  been  planted  In  Sonoma  County. 

Banana  {Winter  Banana). — Usually  does  best  at  rather  high  altitudes, 
though  excellent  specimens  have  been  grown  in  Santa  Cruz  County. 

Black  Ben. — ^Thls  variety,  or  Gano,  is  suggested  for  planting  instead  of  Ben 
Davis,  which  at  present  constitutes  nearly  4  per  cent  of  the  entire  crop  of  the 
State. 
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Fio.  14. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  that 
portion  of  the  estimated  average  apple  crop  for  the  years  1909  to  1913,  inclusive,  which 
is  harvested  in  August.  Each  dot  represents  80,000  bui^hels.  The  arrangement  of  the 
dots  within  the  State  boundaries  has  no  significance. 

DELiciors. — ^Not  yet  fully  tested,  but  considered  promising  in  certain  parts 
of  the  foothills  and  mountainous  sections  of  southern  California. 

Esopus. — ^Not  generally  grown,  but  recommended  by  some  for  a  few  localities. 

Gbavenstein. — Does  well  in  many  parts  of  the  State,  but  is  of  special  im- 
portance in  the  Sebastopol  section. 

Gkimgs. — Occurs  only  occasionally,  but  as  a  rule  It  gives  good  results  wherever 
grown. 

Jonathan. — ^Not  generally  grown,  but  reported  to  do  well  in  places  in  River- 
side, San  B^nardino,  San  Diego,  El  Dorado,  Mendocino,  and  Humboldt  Counties. 

King  David. — ^Not  fully  tested,  but  considerably  planted  In  some  of  the 
younger  orchards  in  Riverside  and  San  Bernardino  Counties. 

Mammoth  Black  Twig, — See  Arkansas. 
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Ortley— E.^pecially  mentioned  for  the  foothill  sections  in  Placer  and  Mari- 
posa Counties. 

Rhode  Island  Greening. — Especially  mentioned  for  Humboldt  and  San  Diego 
Counties — tlie  extreme  northern  and  southern  parts  of  the  State. 

Rome  Beauty. — Planted  more  or  less  widely.  Reported  to  do  especiallj  well 
in  the  Yucaipa  section  of  San  Bernardino  County. 

Spitzenherg. — See  Esopus. 

Stayman  Winesap. — Not  yet  extensively  grown,  but  considered  very  promis- 
ing for  the  apple  sections  of  San  Bernardino,  Riverside,  and  Tehama  Ck>uiities. 

Wageneb. — Reported  to  do  well  in  sections  of  Humboldt,  Mendocino,  Sonoma, 
and  Napa  Counties. 

White  Peabmain  {Wmt^r  Pcarmain), — Occurs  quite  generally  in  the  older 
orchards  in  many  parts  of  the  State  where  it  habitually  does  well.     It  is 


Fig.  15. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  that 
portion  of  the  estimated  average  apple  crop  for  the  years  1009  to  19 IS,  IhcIusItc, 
which  is  harvested  in  September.  Each  dot  represents  30.000  bushels.  The  arrange- 
ment of  the  dots  within  the  State  boundaries  has  no  significance. 

especially  mentioned  for  the  mountainous  sections  of  Madera,  San  Bernardino, 
and  San  Diego  Counties;  also  does  well  in  the  Pajaro  and  Santa  Clara  Valleys. 

Winesap. — Quite  extensively  planted  in  the  foothills;  it  is  widely  distributed 
in  the  older  orchards  in  many  sections  of  the  State. 

Winter  Banana. — See  Banana. 

Yellow  Bellfloweb. — Of  special  value  in  the  Watsonville  district  where, 
with  the  Yellow  Newtown,  it  very  largely  forms  the  basis  of  the  apple  industry 
of  that  section,  but  is  planted  more  or  less  widely  In  many  parts  of  the  State. 

Yellow  Newtown. — The  comments  under  the  preceding  variety  also  apply  to 
the  Yellow  Newtown.  Aside  from  the  Watsonville  section,  it  is  also  especially 
mentioned  for  planting  in  Huml)oldt  and  Lassen  Ounties  in  the  northern  part 
and  in  San  Diego,  Riverside,  and  San  Bernardino  Counties  in  the  southern 
part  of  the  State. 
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ESTIMATED  RELATIVE  PROPORTION  OF  EARLY  AND  LATE 
APPLES  IN  DIFFERENT  STATES. 

The  proportionate  quantity  of  early  and  late  varieties  in  the  dif- 
ferent States  and  the  millions  of  barrels  of  each  in  1915  are  shown  in 
figure  11.  The  designations  early  and  late  are  based  on  varieties, 
those  which  have  normally  a  short  period  of  use  being  grouped  as 
early  and  the  varieties  that  are  commonly  stored  or  possess  naturally 
long-keeping  quality  as  late.  The  numerals  shown  on  the  map  in 
figure  11  are  listed  in  Table  V. 

The  accompanying  maps,  designated  as  figures  12,  18,  14,  15,  and 
16,  indicate  the  estimated  quantity  of  apples  in  the  average  crops  for 


Fio.  16. — Outline  map  of  the  United  States,  showing  the  distribution  by  States  of  that 
portion  of  the  estimated  average  apple  crop  for  the  years  1909  to  1913,  Inclusive, 
which  Is  harvested  in  October  and  later.  Each  dot  represents  80,000  bushels.  The 
arrangement  of  the  dots  within  the  State  boundaries  has  no  significance. 

1909  to  1913  inclusive,  harvested,  respectively,  in  June,  July,  August, 
September,  and  October,  figure  16  showing  also  the  fruit  picked  later 
than  October.  In  a  general  way,  these  maps  also  indicate  geographi- 
cally the  sections  of  country  from  which  the  crop  is  ready  for  con- 
sumption or  market  in  the  several  months  covered  by  the  harvest 
period.  It  diould  be  stated  in  this  connection  that  the  data  which 
form  the  basis  of  these  maps  are  not  entirely  comprehensive,  but  it 
is  believed  that  this  regional  distribution  of  the  harvesting  of  apples 
in  the  different  months  shown  by  these  maps  is  suggestive  as  well  as 
instructive. 
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Table  V. — Estimated  production  {in  barrels)  of  early  and  of  late  varietieM  of 
apples  in  the  United  States,  1915, 


Divlsicns  and  States. 


Early  varieties. 


Late  varieties. 


ToUL 


New  England  States: 

Maine 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

Middle  Atlantic  States: 

New  York 

New  Jersey 

Pennsylvania 

South  Atlantic  States: 

Delaware 

Maryland 

Virginia 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 

East  North-Central  States: 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

West  North-Central  States: 

Minnesota 

Iowa 

Missouri 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 

East  South-Central  States: 

Kentucky 

Tennessee 

Alabama 

Mississippi 

West  South-Central  States: 

Louisiana 

Texas 

Oklahoma 

Arkansas 

Mountain  States: 

Montana 

W  yoming 

Colorado 

New  Mexico 

Arizona 

Utah 

Nevada 

Idaho 

Pacific  States: 

Washington 

Oregon 

Califomla 


202,000 
74,000 
97,000 

204,000 
15,000 

107,000 

2,132,000 

326,000 

1,525,000 

67,000 
264,000 

1,494,000 
854,000 

1,085,000 
155,000 
313,000 


518,000 
279,000 
227,000 
681,000 
44,000 
404,000 

6,396,000 

451,000 

3,500,000 

65,000 

536,000 

2,899,000 

1,660,000 

887,000 

66,000 

312,000 


1,015,000 
1,320,000 
1,651,000 
1,039,000 
884,000 

272,000 
1,707,000 
1,760,000 


4,069,000 
2,563,000 
3,065,000 
2,111,000 
689,000 

140,000 
1,513,000 
4,527,000 


73,000 
507,000 
637,000 

1,668,000 

1,012,000 

319,000 

99,000 


27,000 

760,000 

1,488^000 

2,502,000 

1,013,000 

213,000 

42,000 


56,000 
242,000 
296,000 

121,000 


131,000 
638,000 
887,000 

226,000 


118,000 
49,000 
12,000 
35,000 
12,000 
86,000 

608,000 
303,000 
625,000 


675,000 
224,000 

28,000 
107,000 

28,000 
487,000 

1,825,000 
740,000 
938,000 


United  States. 


26,330,000 


60,340,000 


7».«D 

353,  «n 
sa4,ai 

fiSS,O0O 
99,001 

•  ni,w 

8,528,008 

777,001 

«,085»000 

122,000 

800^000 

4,393,000 

3,^3,  MO 

1,973,000 

331,009 

635,000 


5»984«000 
3,883,000 
4,n6k000 
8,150,000 
1,433,000 

412,000 

8,330,000 
0,387,000 


U»,O0i 
1,367,000 
3,135,000 

4,170,000 

3,02s,  000 

633,000 

141,000 


187,000 

780.000 

1.181,000 

347,000 


00,000 

40,000 
142,080 

40.080 
533,000 

3,4»,0B0 

^?&*' 
1,58,080 


76,«70,080 


ESTIMATED  ANNUAL  PRODUCTION,  1890  TO  191C 

The  estimated  total  annual  production  of  apples  for  the  entire 
country  from  1890  to  1916,  inclusive,  based  on  the  Eleventh  (1889), 
Twelfth  (1900),  and  the  Thirteenth  (1910)  Census  reports,  and 
upon  reports  from  correspondents  of  the  Bureau  of  Crop  Estimates, 
is  given  in  Table  VI. 
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Table  VI. — EMmated  annual  production  {in  barrels)  of  apples  in  the  United 

States,  ISdO  to  1916,  inclusive} 

[In  thousands;  i.  e.,  000  omitted.] 


Divisions  and  States. 

1889 
census. 

1800 

1801 

1892 

1893 

1804 

xm 

1806 

1807 

1808 

North  Atlantic 
States: 

Maine 

New  Hampshire 

Vermont 

Massadiusetts... 
Bhode  Island... 
Coimecticat 

NewYork 

New  Jersey 

1,024 
761 
404 

563 

80 

665 

2,831 

201 

2,518 

675 
607 
408 

342 
23 
222 

2,687 

170 

1,017 

1,230 

1,187 

793 

1,190 

118 

1,209 

9,803 

957 

6,930 

1,245 

1,231 

725 

1,150 
82 
752 

8,149 

615 

4,492 

525 
502 
594 

680 
61 
725 

5,713 

747 

4,730 

1,485 

1,410 

874 

1,833 

93 

1,089 

8,172 

798 

4,715 

480 
434 
532 

846 

80 

1,312 

8,493 
1,322 
6,225 

1,830 
1,904 
1,003 

2,541 

147 

1,500 

18,069 

792 

8,841 

225 
467 
484 

680 
38 
753 

6,557 

762 

4,680 

735 

1,425 

656 

1,200 

63 

1,063 

4,385 

440 

4,875 

Total 

9,W7 

6,051 

23,417 

18,441 

14,276 

20,460 

18,724 

36,616 

14,645 

14,842 

Sooth  Atlantic 
States: 

Delaware 

Maryland 

Virginia 

West  Virginia... 

North  Carolina:. 
South  Carolina. . 
Georgia 

37 

471 

2,797 

1,480 

2,531 

145 

704 

1 

25 

245 

1,419 

374 

1,280 

93 

303 

153 

983 

4,213 

2,415 

2,400 
150 
506 

34 

306 

1,812 

1,027 

1,800 
147 
530 

112 

816 

4,213 

1,260 

2,457 
152 
383 

30 
198 
850 
404 

532 
34 
138 

206 

923 

4,860 

3,013 

3,530 
160 
546 

42 

224 

1,393 

1,710 

1,363 
86 
256 

100 

791 

4,667 

2,218 

2,517 
143 
367 

40 

402 

1,890 

720 

2,728 
134 
273 

Florida. 

Total 

8,165 

3,739 

10,820 

5,746 

9,393 

2,186 

13,236 

6,063 

10,802 

6,186 

East  North-Central 
States: 
Ohio 

4,506 
2,928 
8,200 
♦,386 
531 

1,300 
1  111 
1,386 
2,639 
354 

6,219. 
3,198 
2,882 
2,788 
403 

262 
889 
880 
2,733 
356 

963 
393 
483 
2,403 
274 

3,597 
1,350 
2,128 
4,847 
375 

8,239 
4  263 
3,897 
1,803 
146 

6,593 
2,603 
3,717 
7,663 
608 

2,652 
1,947 
4,674 
1,260 
155 

1,420 
600 

Indiana 

Illinois 

1,230 

Michigan 

Wisconsin 

3,939 
474 

Total 

15,640 

6,790 

14,400 

5,120 

4,516 

11,797 

18,347 

21,086 

10,588 

7,5^ 

West  North-Central 
States: 

Minnesota. 

Iowa .... 

27 

1,680 
2,809 

33 
1,265 
2,420 

35 
1,856 
3,220 

40 
1,017 
1,381 

89 
640 
936 

41 
1,452 
2,569 

34 
1,283 
4,816 

74 
2,239 
3,780 

61 
1,849 
3,509 

80 
922 

Missouri   

784 

North  Dakota... 

Sooth  Dakota... 

1 

301 

1,238 

Nebraska 

Kansa" 

283 
1,200 

567 
2,080 

194 
583 

254 
475 

355 
1,760 

576 
1,757 

686 
1,530 

837 
1,615 

428 
667 

Total 

6,235 

6,201 

7,758 

3.215 

2,345 

6,177 

8,466 

8,309 

7,862 

2,889 

Sooth-CentralStates: 

Kentucky 

Tennessee 

Alabama, 

Mississippi 

L<pfiMi^a . 

3,560 

2,428 

413 

202 

30 
348 

1,125 

1,006 

212 

50 

3,634 

2,743 

353 

152 

2,350 

2,283 

462 

161 

1,440 

2,731 

313 

129 

688 
657 
181 
96 

6,400 

4,020 

501 

199 

2,091 

1,876 

150 

161 

2,444 

2,679 

389 

132 

1,696 

1,402 

386 

120 

Texas 

90 

253 

183 

203 

187 

287 

248 
33 
759 

287 

83 

1,507 

260 

Oklahoma. 

63 

Arkansas. 

631 

528 

910 

767 

901 

539 

1,674 

970 

Total 

7,521 

3,611 

8,045 

6,206 

6,716 

2,247 

12,082 

4,816 

7,522 

4,887 

Far  Western  States: 
Montana 

2 

7 

17 

13 

18 

20 

27 

Wyoming 

Colorado: 

New  Mexico 

Arizona 

24 
12 

1 

19 
10 
29 

98 
346 
552 

25 
13 

45 
27 

47 
27 

83 
30 

99 
33 

114 
60 

83 
33 

141 

83 

113 
68 

Utah- 

27 
10 
40 

174 
448 
5$5 

67 
10 
67 

231 

640 
797 

58 
7 

60 
204 
368 
600 

67 
3 
83 

274 
644 
970 

69 

7 

90 

273 
627 
902 

96 

7 

103 

382 

669 

1,011 

67 

u? 

324 
238 
768 

143 

7 

80 

667 

747 

1,370 

110 

Nevada 

7 

IdlLho 

133 

Wellington 

Oregon 

686 
742 

CaSfomia 

1,100 

TotaL 

1,093 

1,322 

1,772 

1,450 

2,011 

2,007 

2,346 

1,644 

3,158 

2,977 

Grand  total... 

47,702 

26,714 

66,302 

40,179 

38,258 

44,883 

73,200 

77,533 

54,576 

39,354 

»  Monthly  Crop  RopOTt,  vol.  2,  no.  10  (October,  1916),  p.  103. 
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Table  VI. — Eatimatcd  annttol  production  (in  barrels)  of  apples,  etc. — Contd. 


Divisions  and  States. 

1899 
census. 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1906 

North  Atlantic 
States: 

Maine 

474 
660 
302 

1,008 

113 

1,23d 

8,037 
1,547 
8,020 

1,667 
1,»00 
1,287 

2,10© 

133 

1,267 

15,667 

«67 

6,000 

850 
333 
667 

667 
33 
367 

3,667 

333 

3,000 

1,260 
1,433 
1,000 

2,133 

167 

1,567 

13,667 
1,333 
6,333 

1,390 
633 
617 

1,100 
67 

667 

15,333 
1,033 
6,167 

1,867 
1,567 
1,800 

1,833 

100 
967 

18,333 
1,033 
8,333 

933 

600 
667 

900 
100 
800 

7,000 

867 

4,600 

1,267 
667 
733 

1,133 
100 
833 

10,333 

'700 

6,833 

^5S 

700 

907 
67 
733 

733 
4,0DO 

600 

NewIIampstLiro 
Vermont 

Masaachn.^tts.. 
Rhode  Island... 
Connecticut 

New  York 

New  Jersey 

PenosylyanJa... 

788 

800 
67 
333 

U,OQO 

433 

4,933 

Total 

21, 4^7 

30,907 

9,717 

28,893 

36,807 

35,333 

16,167 

21,600 

19,481 

19,400 

S<rath  Atl&ntie 
States: 

Delaware 

Maryland 

Virginia      

l.OoO 
3,279 
2,49& 

1,5.54 

84 
224 

1 

200 

900 

2,833 

1,400 

2,467 
127 
300 

33 

633 

3,107 

2,033 

2,167 
120 
333 

200 

667 

2,233 

1,433 

2,200 
'143 
333 

100 

900 

4,367 

1,287 

2,967 
147 
367 

167 

700 

2,000 

2,167 

2,200 
163 
400 

167 

933 

3,367 

1,600 

1,667 
120 
233 

133 

667 

1,833 

1,967 

1,667 
160 
433 

07 

667 

1,738 

900 

887 
68 
167 

109 

738 
2L967 

West  Virginia... 

North  Carolina. . 
South  Carolina.. 
Ceorpia 

i;787 

253 
600 

Florida. 

Total 

8, 92'i 

6,872 
2,  873 
3,059 
2,977 
101 

8,227 

8,387 

7,210 

9,213 

7,797 

8,687 

6,700 

4,453 

8,687 

East  North-Central 
States: 
Ohio 

4,  COO 
I,. ',1)0 
2,  ;XI0 
3, 933 
500 

3,500 
2,167 
1,967 
1,733 
200 

4,233 
2,100 
3,367 
6,000 
600 

4,500 
1,933 
1,700 
6,133 
407 

4,667 
1,967 
2,000 
6,233 
800 

1,600 
1,3<^ 
1,500 
2,100 
433 

6,333 
3,000 
4033 

733 

1,333 
667 
638 

3,167 
667 

*ss 

Indiana 

Illinois 

887 

Michigan. 

Wisconsin 

2,333 
633 

Total 

15,883 

13,  a33 

9,  .567 

16,300 

13,733 

15,667 

7,000 

17,687 

6,267 

6,467 

West  North-C«ntral 
States: 

Minnesota 

Iowa    

40 
1,043 
2,166 

t33 

1.767 
2,767 

83 

967 

3,500 

M3 
2,233 
3,900 

200 
1,600 
2,067 

217 
2,333 
3,333 

233 
1,267 
2,100 

200 
2,633 
6,667 

300 

1,200 

433 

167 
1,000 

s»a3S 

Missouri 

North  Dakota... 

South  Dakota. . . 

Nebraska 

Kansas 

6 
448 

1,071 

13 

600 
1,767 

17 

567 

2.267 

.0 
1,033 
1,933 

33 

407 

1,000 

47 

933 

1,533 

40 

538 

1,300 

57 
1,300 
2,667 

80 
309 
60 

30 
600 

1,900 

TotaL 

4,774 

7,047 

7,400 

9,253 

6,367 

8,297 

6,37S 

U,423 

2,3a 

6,730 

Soath-CentralStates: 

Kentucky 

Tennessee 

Alabama. 

Mississippi 

Louisiana....... 

2,018 

•  1  796 

2M0 

83 

23 
197 
111 
937 

2,133 

2,167 

400 

167 

2,767 

2,433 

367 

133 

1,567 

1,533 

367 

137 

2,367 
2,133 

'467 
167 

2,333 

1,767 

600 

143 

1,900 

1,133 

387 

107 

8,033 
127 

1,060 
633 
133 
47 

1,333 

i;8oo 

433 

160 

Texsi-s 

267 
157 
967 

167 

147 

1,100 

200 

217 

1,333 

167 
193 
800 

200 

183 

1,333 

233 
250 

1,067 

107 

367 

1,433 

100 

317 

1,200 

133 

Okliihoma 

Arkansas 

233 
533 

TotaL 

6,405 

6,257 

7,113 

5,353 

6,203 

6,460 

4,957 

7,960 

3,330 

4,617 

Far  Western  States: 

Montnna 

Wyoming .... 

15 

33 

27 

60 

73 

87 

103 

130 

147 

170 
3 

Colorado 

New  Mexico 

Arizona 

86 
47 

4 

63 

4 
75 

2AZ 
201 

i,if:j 

200 

87 

% 

133 

7 

M7 

050 

7(>7 
1,067 

243 
73 

7 

83 
10 
83 

500 
U333 

400 
117 

7 
100 

18 
170 

W7 

733 

1,«0 

333 

67 

3 
127 
20 
K7 

887 

800 

1,387 

667 
103 

7 
167 
20 
217 

000 

857 

1,300 

533 
MO 

17 
140 

28 
167 

833 

eoo 

1,257 

733 
157 

13 
143 

27 
203 

1,000 

goo 

1,533 

133 
40 

13 

n 

233 

TOO 
1,833 

467 
100 

33 

I'tHh 

127 

Nevada .. 

10 

Idaho 

2S3 

AVashington 

OroKon 

^'Sg 

California 

1,600 

Total 

1,991 
^466" 

3,113 

2,983 

3,W 

3,813 

4,303 

3,823 

4,830 

8,977 

4,747 

Grand  total... 

6S,&t3 

45,167 

70,777 

65.227 

77,877 

46,407 

72,340 

39,863 

49,6(7 

uigiTizea  oy 


Goo^^ 


PBIlSrCIPAL  APPLE  VABIETIBS.  47 

Table  VI. — Batimated  annual  production  {in  barrels)  of  apples,  etc. — Oontd. 


DhrMons  and  states. 

1900 
census. 

1910 

1911 

1912 

1918 

1914 

1915 

1916 

North  Atlantlo  States: 

WftJne                                  

1,212 
369 

487 

850 
71 
514 

8,470 

m 

8,683 

1,181 
600 
900 

967 
100 
600 

5,667 

567 

3,867 

3,267 
633 
760 

1,000 
188 
800 

13,000 

6;838 

733 
867 

1,100 
100 
667 

14,667 

567 

4,233 

1,000 
'267 
233 

767 
100 
700 

TOO 
8,400 

2,467 

667 

1,067 

1,467 
133 
833 

16,688 
1,133 
71700 

730 
853 
834 

885 

59 

511 

777 
5,065 

1,680. 
532 

New  Hampshire 

Vermfliit 

1,104 

MfuwadrawttJi. 

1,150 

Khnd^  f  "Mft^il 

87 

Connecticut 

610 

New  York 

12,600 
750 

New  Jersey 

pf^nr^lirania 

6,207 

TotaL 

16,134 

14,450 

36,850 

24,638 

13,667 

32,000 

17,213 

24,720 

Boath  Atlantie  States: 

Dela^^are 

61 

608 
2,036 
1,408 

1,592 
121 
299 

1 

117 

900 

4,083 

2;  367 

2,400 
'247 
467 

100 

867 

8,400 

8,600 

1,200 
157 

267 

140 

883 

5,000 

3,433 

2,633 
200 
467 

60 

433 

1,733 

838 

1,000 
87 
300 

167 
1,167 
5,100 
4,133 

3,000 
267 
667 

122 

800 
4,393 
3,518 

1,973 
221 
625 

83 

Maryland 

848 

Virginia. 

4,433 

West  Virginia. 

3,344 

2,368 
196 

North  Carolina. 

South  Carolina 

QAQTsda 

541 

FSwa^.....:.:.;...::.:.::.:::.: 

TotaL 

6,125 

10,530 

7,590 

12,657 

3,947 

14,500 

10,645 

U,803 

East  North-Central  States: 

Ohio 

1,555 

920 

1,031 

4,111 

744 

1,967 
1,633 

267 
1,400 

138 

6,233 
2,967 
3,533 
4,100 
1,000 

3,533 
1,400 
1,933 
6,733 
'667 

1,600 
2,200 
2,733 
3^967 
1,333 

4,433 
1,433 
1  233 
5,738 
733 

5,984 
3,883 
4,716 
8,160 
1,473 

2,887 
1,307 

Indiana 

Illinois 

1,616 

Michigan. 

4,160 
878 

Wisc(Kisin 

Total 

8,360 

5,400 

17,833 

18,367 

10,833 

13,567 

19,205 

10,828 

West  North-Central  States: 

Minnesota. 

348 
2,249 
3,323 

64 

1,107 

452 

50 

67 

2,533 

433 
3,167 
8,867 

233 
600 

6,400 

600 
2,367 
2,638 

233 
.538 
/,167 

412 
3,220 
6,287 

422 

Iowa 

1,575 

Missouri 

2,700 

North  Dakota. 

Sooth  Dakota. 

10 

467 

2,200 

80 

1,200 

800 

67 

933 

2,233 

107 
767 
900 

67 

400 

1,083 

100 
1,267 
2,125 

116 

Nebraska 

567 

Kansas     

1,040 

TotaL 

7,644 

6,327 

9,547 

10,367 

7,373 

6,483 

13,410 

6,420 

Sooth-Central  States: 

K«fit!if^ky. . , 

2,456 

1  547 

296 

89 

11 

56 

247 

765 

1,767 

1  733 

333 

110 

2,038 
'967 
233 

80 

3,200 

2967 

400 

150 

2,300 

1,300 

300 

123 

3,000 

2,867 

533 

167 

4,170 

2,025 

532 

141 

2,147 

Tennessee 

t772 

AlabftTOft          x.ax       .       .XXX 

380 

Mfastasippl 

116 

Louisiana 

Texas 

138 
400 
900 

67 

350 

1,000 

167 

567 

1,700 

100 

367 

1,333 

167 
500 

1,667 

187 

780 

1,183 

156 

Oklahoma 

275 

Arkansas.    .....  x . .      .... 

1,018 

Total 

5,467 

6,377 

4,730 

9,150 

5,823 

8,900 

9,019 

6,864 

Far  Western  States: 

Montana 

189 

24 
117 

25 
220 

891 

644 

1,645 

140 

3 

600 

118 

33 
137 

68 
417 

1,933 
1,267 
1,533 

300 

7 

900 

227 

37 
153 

33 
400 

1,167 

500 

1,567 

300 

10 

1,033 

250 

43 
227 

87 
550 

2,567 
1,367 
1,900 

280 

10 

1,100 

217 

30 
203 

167 

2,300 
1,167 
1,000 

300 

347 

256 

Wvnmina              

Colorado 

1,500 
800 

32 
267 

67 
567 

2,767 
1,200 
2,000 

693 
278 

40 
142 

40 
673 

2,433 
1,043 
1,563 

1,015 

New  Mexico. 

119 

Arizona 

46 

Utah 

33 

Nevada 

16 

Idaho 

147 

Washington 

3,225 

Oregon 

1,285 

California 

1,918 

Total 

5,085 

6,130 

5,290 

8,333 

6,827 

9,000 

7,148 

8.060 

Grand  total 

48, 707 

47,213 

71,340 

78,407 

48,470 

84,400 

76,670 

67,695 
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XoTE. — The  part  of  this  bulletin  which  treats  of  the  important 
centers  or  areas  of  apple  production  and  the  varieties  principally 
grown  in  them,  from  the  nature  of  the  case,  must  be  more  or  ks 
incomplete.  Reference  to  areas  of  considerable  commercial^  impor- 
tance may  have  been  omitted  in  some  instances  where  conditions  are 
.such  as  to  merit  mention  in  the  present  connection.  Where  this  has 
occurred  it  has  been  due  to  a  lack  of  definite  information  concemin^ 
the  importance  of  the  areas.  It  is  also  likely  that  differences  of 
opinion  and  experience  will  appear  in  regard  to  some  of  the  lists  of 
varieties  named  for  the  different  districts. 

In  order  that  the  information  coming  within  the  scope  of  this 
bulletin  may  be  completed  and  made  as  valuable  as  is  possible  to  the 
apple  industry,  the  writers  will  appreciate  any  constructive  sugges- 
tions that  may  be  offered  by  fruit  growers  and  others  familiar  with 
the  conditions  of  apple  proauction  in  different  parts  of  the  country. 
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INTRODUCTION. 

In  the  preparation  of  this  bulletin  the  aim  has  been  to  present  a 
description  of  the  practices  at  present  in  vogue  among  the  better 
class  of  farmers  engaged  in  the  production  of  sugar  cane  in  the 
localities  where  sirup  is  the  main  product  of  the  cane.  It  is  in- 
tended primarily  for  those  readers  who  are  not  already  familiar  with 
the  farm  operations  employed  in  sugar-cane  culture  and  sirup  mak- 
ing. The  present  bulletin  will  be  confined  mainly  to  the  consideration 
of  field  conditions  and  practices  and  to  the  farm-economics  phase  of 
the  industry.  The  subjects  of  insect  pests  and  diseases  of  the  sugar 
cane  will  be  discussed  only  briefly,  as  other  publications  of  the  United 
States  Department  of  Agriculture  deal  with  these  more  particularly. 
The  scope  of  this  bulletin  is  not  intended  to  cover  the  making  and 
the  marketing  of  the  sirup,  though  some  reference  to  these  factors 
needs  to  be  made  in  defiling  with  the  farm-economics  phase  of  the 
subject,  such  as  the  cost  of  the  production  of  the  cane  and  the  sirup 
and  the  profits  accruing  therefrom. 

Incidentally  the  sugar-cane  industry  will  be  considered  in  its  re- 
lation to  other  farm  operations,  and  some  of  the  general  problems 
arising  will  be  noted  and  suggestions  made  as  to  their  solution. 
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GEOGRAPHIC   LIMITS  OF  THE  SUGAR-CANE  INDUSTRY  IN  THE 

UNITED  STATES. 

Climatically,  the  sections  of  the  United  States  wjiich.  are  more  or 
less  well  adapted  to  the  culture  of  siigar  cane  are  the  extreme  southern 
portion  of  South  Carolina,  all  of  Florida,  the  southern  third  of  the 
States  of  Georgia,  Alabama,  and  Mississippi,  the  southern  half  of 
Louisiana,  and  the  low  coastal  plains  of  Texas.  Apparently  the 
lower  lying  valleys  of  southwestern  Arizona  and  southern  California 
are  adapted  under  irrigation  to  cane  culture,  though  it  has  not  been 
tried  extensively  in  these  sections. 

In  the  portions  of  the  country  to  which  cane  culture  is  restricted 
climatically  it  is  further  limited  by  its  soil  requirements.  The  crop 
can  be  grown  profitably  only  where  the  soil  is  of  the  best. 

Table  I  gives  the  acreage  in  sugar  cane  in  the  several  States  as 
shown  by  the  census  report  of  1909,  together  with  the  total  yields  of 
cane  and  of  sugar,  molaSvSes,  and  sirup.  By  molasses  is  understood 
the  product  from  the  residual  liquor  after  removing  part  of  the 
sugar.  Sirup  is  the  product  made  without  the  removal  of  any  of  the 
sugar. 

T.VBLE  I. — ^ugar-cane,  sugar,  molasses,  and  sirup  production  in  the  United  8t<U€S 

in  1900. 


states. 


Area  in 
crop. 


Acres.  Tons. 

United  States 47(),  M9  6, 240, 260 


PrcKluc- 
tion  of 
cane. 


Alabama 

Arizona 

Arkansas 

Florida 

(Jeor^iia 

Louisiana 

Mississippi 

New  Mexico 

North  Carolirm. 

Oklahoma 

South  Carolina. 
Texas 


27, 2U 

IG 

3..%30 

12.928 

37,  OtO 

329. 6»4 

21,861 

111 

29-1 


7,  (m 
34,315 


226,634 

55 

19,  86S 

142,517 

317,460 

4,941,906 

222. 6(X) 

267 

1,494 

2 

59,  S65 

307,502 


Farms  reporting. 


Value  of 
crop. 


Peromt- 
Number.  age  of  all 
farms. 


$26,415,952       278,233 


61,226 

8 

5,286 

19,663 

W,458 

34.487 

52,860 

73 

506 

1 

19.857 

19, 718 


1,527,166 
719 
152, 298 
1,089,608  j 
2,268,110 
17,752,537  } 
1,506.887  ■ 
3,467 
10,697 
56 
434,634  I 
1,669.683  ] 


4.4 

23.3 

.1 

2.5 

39.3 

22.1 

28.6 

19.3 

.2 

.2 


11.3 
4.7 


Average 

area  per 

f&rm. 


Acres. 
1.7 

.4 
2 

.6 
.7 
.6 

9.6 
.6 

1.5 
.5 


.4 
1.7 


Averaee 

yfeff 

of  cane 

per  acre. 


Tons. 
lai 

&3 
3.4 
6 

11 
S.6 

15 
9 

2L4 
&1 


&5 
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States. 

In  plantation  mills,  covered  by 
the  agricultural  census. 

facturers'  census. 

Sugar. 

Pounds. 
125,647 

3,351 

Molasses. 

Gallons. 
4,153 

50 

Sirup. 

Sugar.    1  Molasses. 

Sinip. 

United  States 

Gallons. 
21,633,679 

3. 078.  .531 

1.040 

286,637 

2,533,096 

5,  .533, 520 

4,125.083 

2,920,519 

5,088 

21,677 

66 

881,558 

2, 246, 774 

Tons. 
326,858 

Gallons. 
24,587,581 

OcOons. 
I,449,8a0 

Alabama  .     .                          ., 

Arizona 

Arkansas 

130 
1.339 

319 
1,325 

740 

Florida 

47.661 

22.  :m 

38. 1 i3 
1,665 

{ieor<,ua 

Louisiana 

352,497 

24,342,555 

a942,997 

Mississippi 

New  Mexico 

North  Carolina  ... 

Oklahoma 



South  Carolina    

5, 525 
6,910 

250 

Texas 

1,361           245.026 

506, 8S3 

' 

a  The  statistics  from  16  factories  in  Louisiana  making  sirup  from  sugar  cane  are  not  included. 
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It  will  be  noted  from  Table  I  that  at  present  the  production  of 
sugar  from  sugar  cane  in  the  continental  United  States  is  limited 
exclusively  to  Louisiana  and  Texas  except  for  small  quantities  made 
by  plantation  mills.  In  those  localities  where  sugar  is  manufactured 
the  cane  industry  is  conducted  on  an  extensive  scale. 

The  sirup,  on  the  other  hand,  is  almost  wholly  made  by  the  small 
farm  or  plantation  outfits.  Only  a  small  portion  of  it  is  made  by 
big  factories,  and  that  wholly  in  Louisiana  and  Texas.  In  the  sirup- 
making  section  it  is  rare  that  large  plantations  are  devoted  mainly 
to  the  production  of  cane.  The  cane  crop  for  sirup  comes  mostly 
from  small  fields  or  patches. 

Half  a  century  ago,  while  the  price  of  sugar  was  high,  certain  sec- 
tions of  Florida  were  extensively  engaged  in  cane-sugar  production. 


Fig.  1. — Ruins  of  a  cane-sugar  mill  of  antebellum  days,  near  Manatee,  Fla. 

During  slave  days  large  sugar  plantations  were  operated  along  the 
Manatee  River.  However,  the  industry  never  revived  from  the  shock 
it  received  during  the  Civil  War,  when  nearly  all  the  sugar  houses 
were  destroyed.  (Fig.  1.)  At  present,  while  this  is  still  an  impor- 
tant sirup  section,  the  cane  is  produced  in  only  small  areas  and  it  is 
no  longer  the  chief  industry. 

THE  NATURE  OF  THE  SUGAR-CANE  PLANT  AND  METHODS  OF 

PROPAGATION. 

The  sugar  cane  {Saccharum  ofjicinarum)  belongs  to  the  family  of 
grasses  Graminacese.  It  is  one  of  the  largest  of  this  family  of  plants, 
usually  standing  about  9  to  11  feet  high  before  "arrowing,"  or  go- 
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ing  to  seed,  at  the  time  it  is  usually  harvested.  (Fig.  2.)  Unlike 
most  of  the  grasses  the  seed  is  very  small  and  either  infertile  or  ger- 
minates very  poorly;  in  fact,  some  of  the  best-known  varieties  do 
not  produce  fertile  seed.  The  time  required  for  a  plant  starting 
from  a  cutting  to  mature  seed  is  usually  from  14  to  18  months.  It 
is  very  rare,  therefore,  in  any  portions  of  the  continental  United 
States  that  the  cane  goes  to  seed.  Occasionally,  in  southern  Florida 
and  near  the  Gulf  coast  of  Louisiana,  after  exceptionally  mild  win- 
ters the  cane  if  not  harvested  will  "arrow''  and  produce  a  flower 
panicle.  For  the  foregoing  reasons,  and  for  the  additional  reason 
that  seedling  canes  are  usually  of  a  quality  very  inferior  to  the  culti- 
vated varieties  of  cane,  it  is  not  practicable  to  propagate  sugar  cane 
commercially  from  seed. 


Fig.  2. — A  good  stand  of  sugar  cane. 

The  number  of  inquiries  which  come  to  the  Department  of  Agri- 
culture concerning  sugar-cane  "seed"  indicates  that  an  erroneous 
impression  is  ver}'  common  or  that  confusion  exists  in  the  minds  of 
many  persons  not  accjuainted  with  the  sugar  cane.  The  confusion 
comes  largely  through  a  loose  use  of  the  term  "cane"  or  even  the 
term  "sugar  cane"  to  designate  sweet  sorghums  used  in  making 
sirup.  Some  sorghum-seed  and  sorghum-sirup  producers  give  their 
crops  names  suggesting  sugar  cane.  Thus  a  sorghum  variety  is 
sometimes  advertised  as  "seeded  Ribbon  cane,"  the  Ribbon  cane 
being  one  of  the  best-known  varieties  of  sugar  cane.  Another  sor- 
ghum variety  is  listed  in  some  seed  catalogues  as  "  Japanese  Honey 
cane."     There  is  a  Japanese  cane   (see  under  "Varieties  of  sugar 
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cane ")  which,  like  ordinary  sugar  cane,  does  not  produce  seed  in 
the  climate  of  our  Southern  States  but  is  used  to  some  extent  for 
sirup  production,  yielding  a  product  practically  the  same  as  that 
from  the  ordinary  cane. 

The  method  of  propagating  sugar  cane  commercially  is  from  cut- 
tings, i.  e.,  the  stalk  of  the  old  plant,  either  the  whole  ^alk,  the  stalk 
cut  into  pieces,  the  top  part  of  the  stalk,  or  the  underground  part,  is 
planted.  New  stalks  sprout  from  the  eyes  that  have  developed  ^ 
the  nodes  of  the  stalk,  and  roots  push  out  in  rings  around  the  old 
stalk  immediately  below  the  eyes  at  the  nodes.  On  the  underground 
part  of  the  stalk,  the  so-calle(J  "root,"  properly  called  rootstock, 
these  nodes  and  the  eyes  are  especially  close  together  and  therefore 
relatively  abundant.  (See  further  under  "Planting.")  If  these 
rootstocks  of  cane  are  not  dug  up,  the  small  feeding  roots  con- 
nected with  them  die,  but  the  rootstocks  themselves  remain  alive 
and  may  send  forth  sprouts,  called  ratoons,  from  their  eyes  the  fol- 
lowing season  and  develop  a  new  root  system,  thus  producing  an- 
other crop  of  cane,  a  so-called  stubble  crop  or  ratoon  crop*  However, 
as  many  of  these  rootstocks,  because  of  diseases  or  decay,  mutila- 
tion at  harvesting,  freezing  during  the  winter,  or  other  causes,  do 
not  survive,  or  because  the  soil  is  not  in  a  favorable  condition,  the 
ratoon  crop  is  rarely  as  good  as  the  first  or  "  plant-cane  "  crop.  The 
second  stubble  or  ratoon  crop,  if  the  stubble  is  left  to  grow  another 
year,  is  usually  still  smaller.  It  is  rare  that  more  than  three  crops — 
the  plant-cane  crop  and  two  ratoon  or  stubble  crops — are  taken  from 
one  planting,  and  usually  it  is  not  profitable  to  take  more  than  two 
crops  before  replanting. 

VARIETIES  OF  SUGAR  CANR 

All  the  varieties  of  sugar  cane  commonly  used  for  sugar  or  sirup 
production  are  of  the  species  Saccharum  officinarum,  A  variety  of 
cane  known  as  Japanese  cane  and  used  extensively  as  a  forage  crop, 
but  also  used  to  some  extent  for  sirup  production,  differs  so  widely 
from  the  ordinary  sugar  cane  that  some  botanists  class  it  as  a  distinct 
species  under  the  name  SaecJiaruni  sinense^  probably  identical  with 
the  Uba,  which  is  favorably  mentioned  in  Natal. 

Of  the  innumerable  varieties  of  sugar  cane  that  have  found  favor 
in  the  various  cane-producing  countries,  relatively  few  have  proved 
well  adapted  to  our  Southern  States,  primarily  because  they  are  not 
sufficiently  quick  maturing.  While  tropical  sugar-cane  countries 
have  favorable  growing  conditions  continuously  for  12  months  in  the 
year,  i.  e.,  for  an  unlimited  period,  a  season  of  only  9  to  10  months  is 
available  near  the  Gulf  in  our  Southern  States  to  mature  the  crop. 
Farther  north,  where  warm  growing  weather  does  not  come  in  the 
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spring  before  April  and  where  the  first  frosts  in  the  fall  usually  come 
in  October  or  early  Xovember,  sugar-cane  culture  can  not  succeed 
with  any  variety  yet  known.  Disappointments  are  frequently  occa- 
sioned upon  introducing  some  high-yielding  varieties  from  the  Trop- 
ics to  find  that  they  do  not  show  like  superior  qualities  in  the  United 
States.  As  this  bulletin  is  intended  primarily  for  readers  interested 
in  cane  culture  in  the  continental  United  States,  the  discussion  of 
varieties  will  be  limited  to  those  that  have  found  favor  in  this 
climate. 

OLD  VARIETIES. 

The  two  varieties  best  known  and  most  widely  used  in  the  South- 
ern States  are  the  Louisiana  Purple  and  the  Louisiana  Striped. 
These  seem  to  be  better  adapted  to  a  wide  range  of  soil  conditions 
than  any  others  of  the  old  varieties  introduced  from  time  to  time. 
The  Louisiana  Purple  is  also  commonly  called  the  Home  Purple.  In 
Georgia  and  Florida  it  is  generally  called  "  Red  cane."  It  is  either 
identical  with  or  closely  related  to  the  Cheribon  or  Black  Cheribon 
or  Black  Java  cane  of  Java.  The  Louisiana  Striped  cane,  also  called 
Home  Striped,  outside  of  Louisiana  is  more  generally  called  Ribbon 
or  Red  Ribbon  cane.  The  stalks  are  striped  with  purple  and  green, 
the  purple  varying  from  a  light  purple  or  maroon  to  a  very  dark 
purple  and  the  green  from  a  light  yellowish  green  to  a  dirty  pur- 
plish green.  This  variety  is  presumably  identical  with  the  Striped 
Cheribon  of  Java.  The  Ribbon  cane  is  commonly  reported  as  yield- 
ing a  somewhat  higher  tonnage  than  the  Louisiana  Purple  cane 
mentioned  above,  but  with  a  lower  percentage  of  sugar  content. 

In  a  field  of  Ribbon  cane,  even  if  the  seed  cane  was  carefully 
selected,  one  can  usually  find  numerous  stalks  of  solid  green  or  green- 
ish violet  and  occasionally  of  solid  purple,  resulting  from  bud  varia- 
tion. The  purple  stalks  thus  originated  are  apparently  identical 
with  the  Louisiana  Purple  variety  just  described.  Conversely,  cases 
are  also  reported  of  plain  Louisiana  Purple  cane  throwing  off  sports 
of  striped  cane  identical  with  the  Ribbon  cane. 

The  green  stalks  coming  through  bud  variation  from  Ribbon  cane 
are  commonly  known  in  Georgia  as  "  bastard  "  cane.  By  selecting 
and  propagating  these  green  variants,  a  strain  of  cane  with  these 
characteristics  may  be  secured.  Such  is  supposed  by  some  to  have 
been  the  origin  of  a  variety  of  green  cane  called  Crystallina  in  Cuba 
and  \Miite  Cheribon  in  Java.  It  seems  to  be  this  same  variety  that 
was  introduced  into  Louisiana  from  Java  by  P.  M.  La  Pice  in  1872, 
which  is  now  being  extensively  grown  under  the  name  La  Pice  cane 
on  some  Louisiana  plantations.  The  Ribbon  cane  described  above 
is  presumably  identical  with  the  variety  called  Transparent  in  parts 
of  the  West  Indies,  the  Louisiana  Purple  with  the  Purple  Trans- 
parent, and  the  La  Pice  with  the  White  Transparent. 
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A  variety  of  cane  very  widely  grown  in  small  garden  patches, 
primarily  as  a  chewing  cane,  generally  spoken  of  in  Georgia  and 
northern  Florida  as  Green  cane,  is  apparently  identical  with  the 
Otaheite  of  Cuba  and  the  Bourbon  of  the  British  West  Indies. 
Because  of  the  soft  texture  of  the  pith,  this  cane  is  a  favorite 
among  the  inhabitants  for  chewing.  Many  farmers  also  plant  it 
for  sirup  production,  as  it  yields  a  lighter  colored  product  than  the 
Louisiana  Purple  or  the  Red  Ribbon  cane.  Because  of  its  late  ma- 
turity, its  low  yield,  and  its  strong  susceptibility  to  disease,  however, 
it  is  not  a  good  commercial  sirup  or  sugar  making  cane.  It  is  also 
a  disagreeable  cane  to  handle  at  harvest  time  because  of  the  numerous 
fine  prickles  that  cover  parts  of  the  leaves  near  the  stem  and  the  leaf 
sheaths  near  the  midrib  of  the  leaf. 

A  variety  called  Green  Ribbon  cane  in  Greorgia  and  Simpson  cane 
in  some  parts  of  Florida  is  practically  the  same  as  the  last  men- 
tioned except  in  color,  and  it  has  the  same  advantages  and  disad- 
vantages. The  two  are  frequently  grown  together  and  one  is  doubt- 
less a  bud  variation  of  the  other.  The  color  of  the  Green  Ribbon 
cane  is  green  and  yellow  in  longitudinal  stripes. 

SEEDLING  VARIETIES. 

While  bud  vaiiation  from  striped  varieties  occurs,  giving  self- 
colored  varieties,  and  while  the  opposite  phenomena,  viz,  striped 
varieties  coming  by  bud  variation  from  self-colored  varieties,  have 
also  been  observed,  no  great  success  has  attended  experimenters  in. 
attempts  to  produce  an  improved  strain  of  sugar  cane  by  selec- 
tion through  bud  variation  or  plant  variation  with  respect  to.  sugar 
content  and  purity  of  juice.  Because  of  the  vegetative  way  of 
propagating  the  cane,  the  plants  of  successive  seasons  are  in  reality 
but  a  continuation  of  the  growth  of  the  plants  of  preceding  seasons. 
Consequently  there  is  but  little  chance  for  variation  in  its  eco- 
nomic properties.  It  is  otherwise  with  plants  produced  from  seed, 
whether  the  flowers  are  fertilized  by  chance  in  nature  or  are  hand- 
pollinated  under  control.  In  a  large  number  of  the  enterprising 
sugar  experiment  stations,  work  has  been  started  in  producing  and 
testing  seedling  canes.  In  most  cases  the  fertilizing  of  the  flowers  is 
left  to  chance,  or,  at  most,  resort  is  had  only  to  planting  in  proximity 
the  two  varieties  from  which  it  is  desired  to  obtain  a  cross,  thereby 
increasing  the  chance  of  getting  the  desired  cross.  In  a  few  instances 
the  experimenters  have  undertaken  to  cross-fertilize  the  flowers 
under  control,  thereby  producing  strains  with  known  pedigree. 
However,  as  the  flowers  are  almost  microscopic  in  size  it  is  very 
tedious  work,  and  as  a  large  percentage  of  the  progeny  is  unpromis- 
ing or  worthless,  progress  toward  better  strains  by  this  means  is  very 
slow. 
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Among  the  immense  nmnber  of  seedlings  that  have  been  produced* 
a  goodly  number  have  already  proved  of  economic  value  and  are 
now  being  grown  extensively  on  sugar  plantations.  A  number  is 
assigned  by  the  originators  to  each  of  the  seedlings  tested,  and  to 
this  number  is  prefixed  an  initial  denoting  the  country  or  place 
in  which  the  station  is  located.  Thus  we  have  the  D  74  and  the 
D  95  varieties  of  sugar  cane,  now  extensively  grown  in  Louisiana, 
which  were  originated  by  the  Royal  Agricultural  Society  of  British 
Guiana,  in  Demerara,  South  America,  and  were  introduced  into 
Louisiana  by  Dr.  W.  C.  Stubbs  in  1873. 


Fig.  3. — Two  varieties  of  sugar  cane  (crops  equally  large)  on  the  same  farm  after 
a  storm:  Upper.  Palfrey  cane,  one  of  the  old  home  varieties,  badly  lodged; 
lower,  D  74  cane,  standing  erect. 

Both  these  varieties  of  cane  on  the  rich  alluvial  lands  along  the 
lower  Mississippi  and  its  tributary  bayous  generally  yield  both  a  bet- 
ter tonnage  and  a  crop  of  higher  sugar  content  and  have  the  added 
advantage  over  the  old  home  varieties  of  being  more  rigid  and  there- 
fore not  lodging  so  easily  in  storms,  thus  lessening  the  labor  of 
harvesting.  This  erect  habit  of  growth  is  especially  marked  in  the 
D  74  cane.     (Figs.  3  and  4.)     Among  the  Louisiana  planters  these 
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varieties  have  the  reputation  of  being  more  sensitive  to. lack  of 
fertilizer  and  to  poor  soil  conditions  than  the  Louisiana  Purple 
and  the  Ribbon  canes.  Possibly  this  accounts  for  the  fact  that  these 
varieties  have  not  found  much  favor  among  the  cane  growers  of 
Georgia  and  Florida,  where  the  soil  is  of  a  lighter,  more  sandy 
character  and  the  rainfall  less  abundant  than  in  Louisiana.  . 

The  D  74  cane  is  a  green  variety  which  produces  a  sirup  notably 
lighter  in  color  than  the  Louisiana  Purple  and  the  Kibbon  canes. 
The  erect  habit  of  growth  of  the  plant  keeps  the  ground  from 
being  shaded  as  early  as  with  other  varieties,  thus  necessitating  (or 
permitting)  somewhat  later  cultivation.  As  the  leaves  are  quite 
stiff  and  the  leaf  sheaths  do  not  so  readily  drop  away  from  the  stalk 
as  it  matures,  there  is  slightly  more  trouble  in  stripping  it  at  har- 
vesting time  than  is  experienced  with  other  varieties.  Unlike  the 
green  chewing  cane  previously  mentioned,  the  D  74  cane  has  no 
prickles  on  the  leaves  and  leaf  sheaths. 


Fig.  4. — Sugar  cane  of  the  D  74  variety  (at  the  left)  and  of  the  Louisiana  Purple 
variety  (at  the  right)  after  a  storm  (crops  equally  large). 

Because  of  the  hardness  and  brittleness  of  this  variety  of  cane,  it 
is  not  so  easily  milled,  especially  with  the  small  farm  outfits  that  are 
not  provided  with  crushers.  The  D  95  cane  is  of  a  dark-purple  color 
and  can  therefore  not  be  expected  to  yield  as  light  colored  a  sirup  as 
the  D  74  cane.  It  is  a  somewhat  softer  cane,  however,  and  is  therefore 
more  easily  milled.  Both  these  Demerara  varieties  deserve  a  more 
thorough  trial  in  sections  where  they  are  not  now  being  grown. 

In  the  fall  of  1915  the  writer  observed  in  a  field  of  D  95  can  on 
a  farm  in  Alabama,  near  Muscogee,  Fla.,  some  striped  stalks.  The 
same  phenomenon  has  since  been  reported  from  some  other  fields  of 
D  95  cane  in  Louisiana.  We  thus  have  another  example  of  a  bud 
variation  in  a  self-colored  cane  (i.  e.,  with  solid  color  on  the  stalk) 
yielding  a  striped  variety.  This  striped  D  95  looks  very  much  like 
the  common  Eibbon  cane. 

Since  1906  the  Louisiana  Sugar  Experiment  Station  at  Audubon 
Park,  New  Orleans,  has  been  actively  engaged  in  the  production  and 
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testing  of  seedlings,  using  seed  matured  in  the  Tropics  and  sprouting 
it  in  the  greenhouse  under  carefully  controlled  conditions  as  to  heat 
and  moisture.  Several  varieties  of  much  promise  have  isilready  been 
produced  and  multiplied  in  sufficient  abundance  for  trial  under  field 
conditions.  Among  those  favorably  reported  are  L  611,  L  218,  L  219, 
L  231,  and  L  226,  samples  from  all  of  which  have  been  supplied 
through  the  kindness  of  Mr.  W.  G.  Taggart,  in  charge  of  the  Sugar 
Experiment  Station  at  New  Orleans,  and  are  now  being  propagated 
by  the  United  States  Department  of  Agriculture  at  Apalachicola, 
Fla.,  and  at  Cairo,  Ga.  The  tests  in  Georgia  are  in  comparison  with 
a  number  of  the  older  varieties  and  some  new  seedlings  from  foreign 
countries. 

Because  of  the  great  divet^ity  of  characteristics  among  sugar-cane 
seedlings,  seedling  production  and  testing  is  the  most  hopeful  method 
of  attacking  many  of  the  problems  in  sugar-cane  production,  such  as 
the  increase  of  sugar  content,  earliness  of  maturity,  disease  resistance, 
and  adaptation  to  soil  conditions.  Since  the  soil  and  climatic  charac- 
teristics in  different  cane-growing  localities  vary  greatly,  and  since 
the  success  of  cane  varieties  depends  so  much  upon  these  character- 
istics, it  is  highly  desirable  to  carry  on  the  testing  of  seedling  vari- 
eties in  many  different  typical  localities. 

SOIL  REQUIREMENTS. 

Since  all  varieties  of  cane  make  heavy  demands  upon  the  soil  for 
plant-food  constituents  and  water,  the  soil  must  be  suitable  to  pro- 
vide these  under  the  conditions  otherwise  prevailing.  If  the  rains 
are  not  well  distributed  and  if  periods  of  drought  are  to  be  expected 
without  provision  for  irrigation,  it  is  essential  that  the  soil  be  a 
medium-heavy  loam  or  a  clay  with  an  abundance  of  humus.  If  the  soil 
is  very  sandy  and  lacks  humus,  it  is  practically  impossible  to  supply 
the  necessary  plant-food  constituents  economically  just  when  the 
plants  need  them,  even  if  rains  are  abundant  and  well  distributed. 
Such  soils  do  not  retain  well  the  commercial  fertilizers  and  therefore 
make  necessary  frequent  applications  and  occasion  much  wastage. 

While  such  sandy  flats  as  those  that  occur  so  extensively  hear  the 
southern  Atlantic  and  eastern  Gulf  coasts  can  be  made  to  produce  big 
croi)s  of  suofar  cane,  this  can  not  be  done  continuously  without  involv- 
ing so  much  expense  as  to  make  it  unprofitable.  Frequently  such  land 
produces  a  fairly  good  crop  while  it  is  new  ground  and  while  the 
ve^retable  mold  from  the  native  forest  growth  supplies  an  abundance 
of  humus.  In  succeeding  years,  after  this  is  exhausted,  it  is  only  by 
the  liberal  application  of  mineral  plant  foods  and  of  organic  matter 
in  the  form  of  green-manuring  crops  and  barnyard  manure  or  their 
equivalent  that  good  yields  can  be  secured.    It  is  otherwise  with  the 
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so-called  hammock  lands  and  with  the  rolling  lands  farther  from 
the  coast,  or  with  the  delta  lands  near  the  rivers,  where  a  consider- 
able percentage  of  fine  silt  and  clay  is  mixed  with  the  sand,  making  a 
good  loam  or  clay-loam  soil;  Too  heavy  a  clay  is  likewise  not  well 
adapted  for  sugar-cane  production,  because  it  is  practically  impossi- 
ble to  keep  it  in  good  tilth.  Thus,  alcmg  the  lower  Mississippi  River 
and  the  various  bayous  in  Louisiana,  the  lands  immediately  adjacent 
to  the  streams  are  usually  well  adapted  to  sugar-cane  production. 
These  lands  were  formed  by  the  sediment  first  deposited  on  occa- 
sions when  these  streams,  during  past  ages,  overflowed  their  banks,^ 
and  they  ccmtain  therefore  much  of  the  ooarsfer  silts  and  some  sand. 
The  land  of  the  swamps  lying  farther  back  from  these  streams  is 
composed  almost  entirely  of  a  heavy  clay,  which  is  difficult  to  get  in 
good  tilth  and  is  thus  poorly  adapted  to  cane  culture.  The  condi- 
tions are  vastly  better  if  this  clay  has  much  vegelable  mold  or  humus 
in  it.  In  that  event,  provided  the  land  is  properly  drained^  good 
crops  of  cane  can  be  grown  so  long  as  this  supply  of  humus  lasts. 

The  muck  soils,  provided  they  have  a  high  mineral  content,  will 
produce  big  yields  of  cane  if  well  drained.  With  muck  land  that  is 
very  low  in  mineral  content  or  with  peat  land,  it  is  doubtful  whethei' 
it  can  be  used  successfully  for  sugar-cane  production  even  if  drained. 
A  disadvantage  with  muck  land  is  that  it  affords  such  poor  anchorage 
for  the  cane  roots  that  the  cane  very  easily  lodges,  and  this  gives  a 
tangled  mat  of  stalks  instead  of  relatively  erect  rows.  In  Georgia 
it  is  commonly  reported  that  the  rich  dark  soils  along  the  edge  of 
swamps,  while  producing  high  yields  of  cane,  exert  a  deleterious 
effect  upon  the  color,  clearness,  and  flavor  of  sirup  made  therefrom. 
The  farmers  there,  in  consideration  of  the  quality  of  sirup,  prefer  the 
lighter  colored,  loamy  upland  soils,  suitably  enriched  with  com- 
mercial manures,  especially  cottonseed  meal. 

In  the  low  flat  areas,  where  natural  drainage  does  not  keep  the 
ground- water  level  3  feet  or  more  below  the  surface,  it  is  essential 
that  artificial  drainage  be  provided.  A  depth  to  ground  water 
greater  than  3  feet  should  be  attained  if  possible. 

MANURIAL  REQUIREMENTS. 

The  use  of  commercial  fertilizers  in  sugar-cane  growing  is  almost 
universal  in  the  United  States  and  in  other  cane-growing  countries. 
As  to  the  particular  feritlizer  elements  required  and  the  forms  and 
proportions  in  which  they  are  applied,  the  various  localities  differ 
widely. 

Some  form  of  nitrogenous  fertilizer  can  be  applied  with  profit  or 
is  absolutely  essential  in  practically  all  localities.  The  amount  of 
nitrogen  that  is  applied  on  the  best-managed  farms  of  the  Southern 


Digitized  by 


Google 


12  BULLETIN  486,  U.  S.  DEPARTMENT  OP  AGBICULTURE. 

States  usually  ranges  f  rdm  20  to  50  pounds  per  acre.  In  many  of  the 
tropical  countries,  where  much  larger  yields  are  produced,  this 
amount  can  be  increased  one  or  two  fold  with  profit. 

To  the  application  of  phosphoric  acid  there  is  a  good  response 
from  the  soils  of  nearly  all  sugar-cane  localities  both  in  this  country 
and  in  foreign  countries,  but  the  amount  to  be  applied  most  advan- 
tageously varies  considerably.  Most  of  the  soils  of  Java  are  a  nota- 
ble exception  to  this  rule,  in  that  they  do  not  respond  to  phosphate 
applications.  The  amount  of  soluble  phosphoric  acid  applied  in 
Louisiana  is  usually  from  40  to  80  pounds  per  acre.  To  the  lighter 
soils  of  Georgia  and  Florida  it  is  not  unusual  to  add  considerably 
more,  even  up  to  120  pounds  per  acre. 

To  applications  of  potash  there  is  little  or  no  response  in  most  of 
the  rich  alluvial  sugar-cane  soils  of  the  Mississippi  Delta.  In  the 
States  east  of  Louisiana,  however,  potash  is  applied,  usually  at  the 
rate  of  30  to  60  pounds  per  acre. 

In  these  States  it  is  common  practice  to  buy  the  fertilizers  ready 
mixed.  However,  many  farmers  do  their  own  mixing  in  the  interests 
of  economy.  In  trade  the  mixed  fertilizers  are  commonly  described 
by  three  figures,  referring  in  their  order  to  the  percentages  of  avail- 
able phosphoric  acid,  ammonia,  and  potash  which  they  contain.  The 
mixtures  most  popular  in  southern  Georgia  and  northern  Florida 
for  spring  and  early  summer  applications  usually  do  not  vary  far 
from  the  8-2-3  formula,  i.  e.,  8  per  cent  of  soluble  phosphoric  acid, 
1.65  per  cent  of  nitrogen  (equivalent  to  2  per  cent  of  ammonia ), 
and  3  per  cent  of  potash.  This  is  supplied  in  one  or  two  appli- 
cations in  quantities  totaling  from  800  to  1,600  pounds  per  acre, 
often  followed  in  late  summer  with  a  top-dressing  of  readily  avail- 
able nitrogen,  such  as  nitrate  of  soda.  These  quantities  are  here 
mentioned  as  an  example  of  common  practice  in  one  locality  and  not 
as  a  guide  or  recommendation  for  any  wide  range  of  soils  or  locali- 
ties. It  can  not  be  too  strongly  urged  that  the  farmer,  in  the  absence 
of  trustworthy  and  conclusive  experience  with  his  particular  type 
of  soil,  should  not  blindly  follow  any  special  fertilizer  formula  that 
may  have  been  found  suitable  for  some  other  type  of  soil,  but  rather 
that  he  should  experiment  on  his  own  farm  on  small  plats  with 
several  of  the  combinations  that  he  has  reason  to  suppose  will  most 
probably  fit  his  needs. 

The  most  common  sources  of  nitrogen  in  the  manurial  mixtures  are 
cottonseed  meal,  tankage,  and  ammonium  sulphate  for  early  applica- 
tions and  sodium  nitrate  (Chile  saltpeter)  and  ammoniimi  sulphate 
for  late  applications.  Of  these,  cottonseed  meal  is  most  extensively 
used  in  the  Southern  States,  being  near  the  source  of  its  produc- 
tion the  cheapest  commercial  fertilizer.    It  contains  about  7  per  cent 
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of  nitrogen,  3  per  cent  of  phosphoric  acid,  and  2  per  cent  of  potash. 
Tankage  is  also  extensively  used,  esp)ecially  at  times  when  the  price 
of  cottonseed  meal  is  miusually  high.  Its  composition  varies  accord- 
ing to  the  proportions  of  blood,  meat,  and  boile  entering  into  its 
manufacture,  but  it  averages  about  7.6  per  cent  nitrogen  and  5.6  per 
cent  phosphoric  acid.  Dried  blood  and  fish  scrap  are  also  occa- 
sionally used,  mainly  for  their  nitrogen  content.  In  the  tropical 
countries  ammonium  sulphate  containing  about  22  per  cent  nitrogen 
is  very  extensively  used.  For  quickly  available  nitrogen,  nitrate  of 
soda  (Chile  saltpeter),  containing  about  15  per  cent  nitrogen,  is  the 
favorite.  Synthetic  nitrogen  manures  have  been  introduced  recently 
to  some  extent. 

The  source  of  phosphoric  acid  in  the  fertilizer  mixtures  is  nearly 
always  acid  phosphate,  except  to  the  extent  that  it  is  furnished  by 
the  nitrogenous  manures,  such  as  tankage  or  cottonseed  meal.  The 
acid  phosphate  contains  14  to  16  per  cent  of  phosphoric  acid.  For 
soils  deficient  in  lime  and  with  an  acid  tendency,  it  is  better  to  supply 
the  phosphoric  acid  in  the  form  of  basic  phosphate  (basic  slag  or 
Thomas  slag). 

The  potash  was  supplied  in  the  past  almost  exclusively  in  the  form 
of  potash  salts  from  the  mines  near  Strassfurt,  Germany,  either  the 
natural  mineral,  especially  kainit  with  12  to  14  per  cent  of  potash,  or 
the  more  nearly  pure  salts,  the  sulphate  of  potash  and  the  chlorid 
(muriate)  of  potash,  either  one  containing  about  40  to  48  per  cent 
of  potash. 

Natural  manures,  such  as  green  crops  plowed  under  and  barnyard 
manure,  are  highly  beneficial  in  increasing  the  yield  of  cane,  much 
more  so  than  the  plant-food  elements  contained  can  accoimt  for. 
Practically  all  soils  in  the  sugar-cane  localities,  both  the  heavy  soils 
like  these  in  Louisiana  and  the  lighter  ones  of  the  States  farther  east, 
are  very  responsive  to  increases  in  the  humus  content.  The  farmer 
should  therefore  be  on  the  alert  to  plow  under  vegetable  matter 
whenever  it  is  possible  without  interfering  too  seriously  with  culti- 
vation. The  tops  and  leaves  from  the  cane  at  harvesting  were  in 
the  past  usually  burned  off  to  make  the  field  cleaner  for  the  cultiva- 
tion of  the  stubble  crop  of  cane  during  the  next  season  and  in  the . 
hope  of  thereby  destroying  insect  pests.  Recently,  however,  since 
the  entomologists  of  this  department  have  collected  evidence  which 
tends  to  show  that  the  damage  from  insect  pests  is  not  reduced  by 
burning  the  trash,  many  planters  have  adopted  the  plan  of  incorpo- 
rating it  with  the  soil  without  burning  it.  Whether  or  not  this  prac- 
tice, and  whether  returning  to  the  field  the  bagasse,  suitably  rotted 
or  chopped  fine,  tends  to  increase  the  damage  from  diseases,  re- 
mains yet  to  be  determined,  and  experiments  along  this  line  are  being 
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instituted.  It  is  common  experience  among  cane-sirup  makers  ttat 
applications  of  barnyard  manure,  especially  of  horse-stable  manure, 
to  the  cane  crop  injure  the  quality  of  the  resulting  sirup,  making  it 
darker  in  color  and  imparting  a  strong  salty  flavor.  It  is  therefore 
advisable  to  make  such  applications  to  the  cane  crop  sparingly 
where  the  cane  is  to  be  used  for  sirup  production.  In  such  cases  it  is 
good  practice,  if  such  manures  are  available,  to  make  heavy  appli- 
cations to  the  crop  preceding  the  sugar  cane  in  the  rotaticm. 

In  consideration  of  the  quality  of  the  sirup,  cottonseed  meal  or  even 
the  cottonseed  itself  is  a  very  popular  manure  for  cane.  Such  prac- 
tice, however,  seems  to  be  rather  illogical,  in  consideration  of  the 
high  food  value  which  these  substances  possess.  The  cottonseed 
contains  about  17  per  cent  of  fat,  which  has  no  fertilizer  value,  but 
which  if  pressed  out  and  purified  has  a  high  food  value.  The  press 
cake  remaining,  if  ground  up,  becomes  cottonseed  meal.  If  this 
is  properly  prepared  it  is  an  excellent  high-protein  concentrated 
foodstuff.  In  spite  of  the  high  food  value  of  the  oil  and  the  high 
feeding  value  of  the  meal,  the  prices  of  these  articles  usually  pre- 
vailing in  the  cotton  sections  are  so  low  and  their  value  as  a  fertilizer 
so  high  that  they  are  both  extensively  used  as  fertilizers.  Doubtless, 
with  the  upward  trend  in  prices  for  animal  products  and  with  a 
fuller  appreciation  on  the  part  of  the  fai^mers  of  the  value  of  barn- 
yard manure,  these  conditions  will  gradually  change  and  more  cot- 
tonseed meal  will  be  fed  and  more  barnyard  manure  will  be  pro- 
duced to  be  available  for  crops  in  rotation  with  sugar  cane. 

TIME  AND  MANNER  OF  APPLICATION  OF  FERTILIZERS. 

Between  what  is  theoretically  best  in  the  time  and  manner  of  ap- 
plication of  fertilizers  and  what  is  least  expensive,  compromises  must 
necessarily  be  made.  To  economize  labor  in  distributing  the  fer- 
tilizers, the  several  constituents  are  usually  mixed  and  distributed  at 
one  time.'  For  cane  planted  in  the  spring  it  is  customary  to  put  a 
rather  liberal  application  of  mixed  fertilizer,  the  nitrogen  of  whidi 
is  in  a  form  becoming  gradually  available,  into  the  furrow  in  which 
the  cane  is  to  be  dropped.  Some  implement  is  run  through  the 
furrow  to  mix  this  fertilizer  with  the  soil.  For  cane  planted  in  the 
fall  or  early  winter  the  fertilizer  is  used  very  sparingly,  if  at  all, 
at  the  time  of  planting,  but  the  main  amoimt  is  given  in  the  spring 
when  the  crop  starts  to  grow.  In  case  of  either  spring  or  fall 
planting,  another  application  is  made  near  the  middle  of  May, 
designated  as  a  side  application,  in  that  it  is  distributed  along  the 
sides  of  the  rows  and  cultivated  into  the  soil.  Many  farmers  favor 
giving  a  top-dressing  of  readily  available  nitrogen,  e.  g.,  nitrate  of 
soda,  at  the  time  of  laying  the  crop  by,  July  15  to  August  1.  Thus, 
a  very  common  fertilizer  program  among  the  Greorgia  cane  growers  is 
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to  apply  in  the  furrow  at  the  time  of  planting  600  to  1,000  pounds  of 
mixed  fertilizer  of  a  formula  similar  to  the  8-2-^3  formula  before 
mentioned,  then  about  the  middle  of  May  to  give  a  side  application  of 
about  two-thirds  that  amoimt  of  a  similar  mixture,  and  finally  at  the 
"  laying  by  "  of  the  crop  to  give  a  top-dressing  of  100  to  200  pounds  of 
Chile  saltpeter.  Many  prefer  to  apply  less  of  the  mixed  fertilizer 
at  the  time  of  planting  and  more  later.  It  would  doubtless  be  better 
for  the  cane  if  the  same  amount  wer€>  divided  into  smaller  quanti- 
ties and  applied  more  frequently,  but  this  is  generally  considered 
to  involve  more  expense  than  the  gains  justify. 

CROP  ROTATION. 

The  fertilizer  requirements  depend  very  largely  upon  the  crop  pre- 
ceding the  cane.  A  very  good  practice  is  to  precede  the  cane  with 
a  crop  of  com  and  cowpeas,  plowing  the  latter  under.  It  is  still 
better  if  this  is  done  for  two  successive  years.  The  common  rota- 
tion on  the  sugar  plantations  in  Louisiana  has  been  one  year  of  com 
and  cowpeas,  followed  by  two  years  of  sugar  cane  from  one  plant- 
ing. With  the  growing  interest  in  stock  raising,  some  planters  dur- 
ing the  last  few  years  have  changed  their  system  to  a  4-year  rotation, 
with  two  successive  years  of  com  and  cowpeas,  plowing  under  the 
peas  each  time,  then  two  years  of  cane.  The  results  obtained,  were 
exceedingly  encouraging,  half  of  the  plantation  yielding  almost 
or  quite  as  much  cane  as  previously  two-thirds  of  the  plantation  did 
with  a  3-year  rotation. 

In  the  principal  sirup-producing  sections,  unlike  the  sugar  plan- 
tations, the  farmer  can  usually  select  a  location  for  his  cane  patch 
that  had  a  specially  favorable  treatment.  Thus,  for  small  patches  a 
favorite  practice  is  to  shift  the  cowpen  area  from  year  to  year  and 
plow  up  the  old  area  to  plant  in  sugar  cane.  Very  good. results  are 
obtained  by  manuring  very  heavily  a  field  to  put  into  sweet  potatoes ; 
then  in  the  succeeding  year  planting  it  in  cane.  To  obtain  the 
requisite  amount  of  manure,  the  cane  bagasse  (also  called  pomace 
or  mash)  is  put  in  liberal  quantities  into  the  stables  or  corrals,  to  be 
worked  up  into  manure,  and  then,  after  it  has  had  about  a  year  to 
rot,  it  is  applied  to  the  sweet-potato  ground. 

PREPARATION  OF  THE  LAND. 

Not  much  need  be  said  in  regard  to  preparing  the  land  that  might 
not  be  said  with  equal  propriety  for  any  other  crop.  It  is  desirable 
to  plow  considerably  in  advance  of  the  planting  time,  especially  for 
spring  planting,  and  then  to  cultivate  well  before  planting.  Grown 
on  a  clay  soil  with  compact  subsoil,  cane  is  especially  responsive  to 
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deep  plowing,  bringing  into  effective  tilth  a  considerable  depth  of 
soil  and  opening  the  land  for  the  storage  of  moisture.  A  reasonable 
depth  to  plow  is  8  or  10  inches,  with  a  subsoiler  run  through  the 
furrow  to  a  depth  of  another  8  or  10  inches.  This  deep  cultivation 
is  especially  advantageous  during  seasons  with  periods  of  drought 
In  the  experimental  field  at  Cairo,  Ga.,  in  the  season  of  1915,  the 
yield  was  fully  twice  that  of  adjacent  fields,  which  could  reasonably 
be  attributed  in  large  measure  to  deeper  plowing  and  subsoiling, 
coupled  with  the  fact  that  the  season  was  characterized  by  very 
heavy  rains  in  late  winter  and  a  drought  of  unusual  severity  in  mid- 
summer. With  very  sandy  subsoil,  lacking  humus,  deep  plowing 
may  be  disadvantageous.  With  a  clay  subsoil  which  previously  has 
always  been  plowed  shallow,  it  is  not  advisable  to  turn  up  more 
than  an  inch  of  the  subsoil  at  one  plowing.  It  is  better  to  attain 
the  desired  greater  depth  of  plowing  gradually,  throu^  a  series 
of  years,  giving  opportunity  meanwhile  for  the  inert  subsoil  that 
is  turned  up  to  become  converted  into  a  productive  loam  through 
mixture  with  surface  soil  and  vegetable  mold. 

PLANTING. 

In  Louisiana  and  parts  of  Florida  it  is  deemed  desirable  to  plant 
in  the  fall,  as  late  as  is  safe  to  avoid  frosts.  However,  for  eco- 
nomic reasons  the  fall  planting  is  done  somewhat  earlier,  because 
after  the  harvesting  for  the  mill  commences  the  available  labor  and 
teams  are  fully  occupied  at  that  work.  The  fall  planting  therefore 
usually  stops  in  the  latter  part  of  October,  and  what  is  not  planted 
by  that  time  is  left  to  be  planted  in  the  spring  as  soon  as  the  soil 
is  in  suitable  condition  to  work  and  the  weather  is  such  as  to  oc- 
casion no  fear  of  freezing  the  cane.  In  Louisiana  this  is  usually 
in  February  or  early  March.  Occasionally  there  is  suitable  planting 
weather  in  January.  In  Georgia  and  northern  Florida  the  planting 
is  almost  universally  done  in  the  spring.  The  impression  prevails 
that  fall  planting  leads  to  an  imperfect  stand  through  the  spoilage  of 
cane  during  the  winter.  In  the  spring  the  cane  may  be  selected  so 
as  to  avoid  using  the  spoiled  stalks  or  portions  of  stalks.  Availa- 
bility of  labor  is  also  in  favor  of  spring  planting. 

The  advantages  of  fall  planting  are  threefold: 

(1)  There  is  economy  of  labor.  The  cane  is  taken  directly  from  the  Add 
where  it  is  growing  to  the  place  where  it  is  planted,  thus  avoiding  the  lat)or 
of  storing  it  in  windrows  or  banks  and  later  digging  it  up  to  plant     (Fig.  5.) 

(2)  There  is  thought  to  be  less  spoilage  of  cane  in  the  furrows  than  if 
planted  in  the  windrows  or  banks. 

(3)  Fall-planted  cane  gets  an  earlier  start  in  the  spring,  resulting  In  more 
mature  and  therefore  richer  cane  at  the  time  of  harvesting  and  a  slightly 
larger  yield. 
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The  spacing  between  the  rows  varies  from  about  '4  to  6  feet.  In 
the  rich  soils  of  Louisiana  the  usual  spacing  is  5^  to  6  feet.  In 
southern  CJeorgia  4^  feet  is  the  most  common  spacing.  The  more 
rapidly  the  cane  grows  and  the  longer  the  growing  season,  the  wider 
may  be  the  spacing.  It  is  desired  that  by  midsummer,  at  laying-by 
time,  the  crop  shall  shade  the  ground  well. 

On  the  flat  plantations  in  Louisiana,  with  the  fields  divided  by 
permanent  headlands  and  drainage  ditches,  it  is  customary  to  plow  in 
beds,  maintaining  the  same  rows  and  consequently  the  same  spacing 
from  year  to  year.  On  the  rolling  uplands  of  southern  Georgia  and 
adjacent  States  there  is  need  of  special  precautions  against  soil  erosion. 
Besides  terracing  the  land  on  the  hill  slopes,  the  rows  are  usually  run 
on'  contour  lines  or  so  as  to  give  them  a  fall  of  only  4  to  6  inches  per 
hundred  feet.    If  the  field  is  terraced  these  terraces  afford  the  neces- 


Fio.  5. — Stripping  the  sugar  cane  out  of  the  bank  ready  for  spring  planting. 

sary  guide  lines.  If  it  is  not  terraced  it  is  most  advantageous  to 
run  guide  lines  every  3  to  5  feet  of  vertical  rise  in  advance  of  laying 
off  the  rows.  This  may  be  done  rapidly  and  very  satisfactorily  by  a 
crew  of  three  persons,  using  a  small  telescopic  level,  a  suitable  leveling 
rod,  and  a  1-mule  marker.  The  man  with  the  level  directs  the  rod- 
man  up  or  down  the  hill  slope  until  he  has  the  proper  altitude  for 
the  guide  row  that  is  to  be  nm.  (Fig.  6.)  The  rodman  then  steps 
off  a  distance  of  about  50  yards  approximately  on  a  level  along  the 
hillside.  The  man  with  the  level  again  directs  him  up  or  down  the 
slope  imtil  he  has  an  elevation  of  6  to  8  inches  higher  or  lower  than 
at  the  previous  station.  They  thus  locate  a  series  of  stations  about 
50  yards  apart,  each  varying  6  to  8  inches  in  elevation  from  the  pre- 
ceding. The  man  with  the  marker  meanwhile  follows  immediately 
behind  the  rodman,  marking  the  gradually  rising  or  falling  contour 
63779"— Bull.  486—17 3 
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line  along  the  hillside,  guided  by  the  stations  marked  by  the  rodman. 
A  small  telescopic  farm  level  with  tripod  and  leveling  rod  suitable 
for  this  purpose,  constructed  on  the  principle  of  the  surveyor's  level, 
can  be  purchased  for  about  $20.  The  slope  or  direction  of  drainage 
of  the  furrows  is  ordinarily  made  from  the  center  of  the  field  toward 
both  sides  or  is  otherwise  suited  to  the  existing  watercourses. 

Most  farmers  prefer  marking  the  rows,  properly  spaced,  in  ad- 
vance of  opening  the  furrows.  This  is  usually  done  by  a  1-mule 
1-point  marker  (a  "scooter")  provided  with  a  guide  stick,  hinged 
to  the  beam,  to  extend  on  either  side  the  right  distance  to  traoe  the 
next  row. 

After  providing  in  one  manner  or  another  for  the  correct  spacing 
and  the  course  of  the  rows,  the  furrows  are  opened  by  using  a  2-mulc 


FiQ.  6. — Running  a  guide  line  for  sugar-cane  rows  along  the  hillside. 

middle  breaker  (fig.  7,  h)  or  by  throwing  out  two  furrows  with  a  1- 
mule  tumplow,  ^nd  then  opening  deeper  with  a  1-mule  round  shovel 
plow.  The  furrows  are  opened  shallower  in  the  flat,  poorly  drained 
fields  of  Louisiana,  In  the  irrigated  sections  of  Texas  and  Arizoni 
the  planting  is  extra  deep.  The  commercial  fertilizers  and  sometimes 
also  the  barnyard  manure  are  distributed  in  the  furrows  (fig.  7,  a). 
and  mixed  with  the  soil  by  again  driving  through  with  a  suitable 
implement.  The  cane  is  then  distributed  (fig.  8)  and  covered  to  i 
depth  of  1  to  2  inches  in  the  case  of  spring  planting,  or  about  4  to  6 
inches  in  fall  planting,  by  throwing  light  furrows  on  from  both  sides. 
In  the  latter  case  the  covering  is  again  raked  oflf  in  the  spring,  leav- 
ing only  1  to  2  inches  over  the  cane.  Frequently  the  cane  in  the 
windrows  or  banks  is  more  or  less  damarred  by  red-rot  or  some  other 
disease.    With  reference  to  cutting  away  the  diseased  parts  before 
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planting,  practice  varies.  On  the  basis  of  ordinary  field  sanitation 
it  is  advisable  to  trim  off  the  diseased  parts  and  to  plant  only  sound 
stalks.  However,  until  it  is  determined  whether  the  diseases  in  ques- 
tion are  transmitted  to  any  great  extent  through  the  plant  material, 
there  is  some  doubt  as  to  the  advantage  in  trimming. 

The  rate  of  planting  in  the  row  varies  with  the  time  of  planting, 
the  width  of  row,  and  the  size  and  soundness  of  the  cane.  Ordinarily, 
with  rows  4^  feet  apart  in  Georgia  and  Florida,  in  spring  planting 
the  aim  is  to  get  as  much  as  one  continuous  line  of  sound  cane.    If 


Fig.  7. — Some  types  of  implements  in  common  use  for  cultivating  sugar  cane  on  small 
farms :  a.  Fertilizer  distributor ;  h,  middle  breaker ;  c,  weeder ;  d,  common  1-mule 
stock,  with  sweep  point  attached ;  e,  f,  g,  scooter  points ;  h,  round  shovel  point ; 
i,  i,  sweep  points  for  stock  (d)  ;  k,  spike-tooth  cultivator,  useful  for  early  culti- 
Tations. 

the  cane  is  partly  diseased  it  is  lapped  or  doubled  to  make  the  line 
of  sound  cane  complete.  With  good  sound  cane  less  than  a  complete 
line,  as  low  as  two-thirds  or  three-fourths  of  a  complete  line,  will 
ordinarily  give  a  satisfactory  stand  in  4i-foot  rows.  Cane  has^  a 
strong  power  of  adapting  itself  to  the  space  given  it,  stooling  out 
when  planted  thin,  so  as  largely  to  compensate  for  thin  planting. 
Therefore,  if  the  plant  material  is  scarce  and  the  available  area 
plentiful,  e.  g.,  in  the  multiplication  of  a  valuable  rare  variety,  it  is 
advantageous  to  plant  quite  thin.  In  Louisiana,  with  5^  to  6  foot 
rows  and  with  the  cane  usually    damaged  both  by  diseases  and,  by 
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borers  in  the  stalks,  the  practice  in  fall  planting  is  to  put  into  the 
furrow  about  two  lines  (fig.  9)  or  "two  lines  and  a  lap,''  and  in  spring 
planting  somewhat  more,  even  up  to  three  or  four  lines  if  the  cane 
is  in  bad  condition.  In  tropical  countries,  where  the  new  growing 
season  follows  immediately  upon  the  harvesting  and  planting  time 
and  the  cane  consequently  need  not  lie  dormant  in  the  furrow  or  in 
storage  through  the  winter  months  subjected  to  disease,  it  is  common 
practice  to  plant  only  the  tops  of  the  stalks,  which  are  less  valuable 
•  for  sugar  manufacture  and  yet  are  quicker  to  start  growing  than  the 
older,  more  mature  parts  of  the  stalks.  It  is  still  an  open  question 
whether  or  not  some  system  of  top  planting  could  not  also  be  used 
to  advantage  in  our  sugar-cane  localities.  Rootstock  planting  is 
sometimes  resorted  to,  but  with  rootstocks  alone  the  uncertainty  in 
the  germination  is  too  great  to  assure  a  regular  stand. 


Fig.  8. — Planting  sugar  cane  in  Georgia.. 

About  3  to  4  tons  of  cane  are  usually  stated  as  the  requirement  to 
plant  an  acre  in  Louisiana,  where  the  whole  stalks  without  rootstocks 
are  used.  In  the  States  farther  east,  with  a  smaller  acreage,  it  is  cus- 
tomary to  quote  plant  cane  in  actual  numbers  of  stalks,  with  some 
definite  length  stated  or  implied  as  the  average  length,  and  upon  the 
basis  of  such  counts  commercial  transactions  with  seed  cane  are 
made.  Prices  are  then  quoted  per  1,000  stalks.  To  plant  an  acre  in 
4J-foot  rows,  with  a  single  complete  line  of  stalks,  9,680  linear  feet 
of  plant  material  are  refjuired,  or  2,420  stalks  averaging  4  feet  in 
length ;  and  this  may  be  taken  as  an  average  quantity  of  moderately 
good  cane  to  plant.  Such  stalks,  including  the  rootstocks,  may  be 
expected  to  weigh  about  3  pounds  apiece ;  hence,  the  weight  of  plant 
cane  required  is  7,260  pounds,  or  ^  tons.     Stalks  without  root- 
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stocks  of  this  quantity  of  cane  if  harvested  for  the  mill  would 
weigh  about  3  tons.  Thus,  at  best,  the  seed-cane  requirement  in  the 
sugar-cane  industry  is  a  very  heavy  drain  upon  the  net  proceeds  from 
the  crop,  and  herein  lies  an  incentive  to  Government  or  State  experi- 
mental institutions  for  making  strong  efforts  to  find  or  originate  cane 
varieties  that  are  more  resistant  to  disease  and  that  will  consequently 
not  require  such  frequent  replanting,  or  canes  that  stool  better,  so 
that  the  planting  may  be  thinner.  With  Japanese  cane  this  drain 
is  far  less,  first,  because  this  variety  ratoons  well,  giving  good  yields 
for  three  to  six  years  from  one  planting,  and,  second,  because  the 
stalks  are  so  slender  that  a  ton  will  go  a  long  way  in  planting 


Fio.  9. — Planting  sugar  cane  in  Louisiana. 

However,  as  heretofore  stated,  this  variety  is  not  very  good  for  sirup 
or  sugar  making. 

CULTIVATING  THE  CANE. 

If  in  the  spring,  before  the  newly  planted  cane  is  up  or  while  it  is 
still  small,  the  groimd  gets  crusted  over  badly  or  weeds  tend  to  get 
a  start,  it  is  advisable  to  stir  the  soil  lightly  with  a  light  spike- 
tooth  harrow,  or,  still  better,  with  a  spring-tooth  weeder  (fig. 
7,  c) ,  covering  the  field  once  or  twice  in  a  direction  diagonal  to  the 
rows.  If  this  does  not  remove  the  weeds,  it  is  advisable  after  the 
cane  is  up  to  clean  them  out  of  the  rows  by  hand  hoeing.  A  second  or 
third  hand  hoeing  may  be  necessary  later  to  keep  weeds  out  of  the 
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rows.  After  the  cane  is  well  up,  the  space  between  the  rows  is  culti- 
vated to  kill  the  weeds  and  to  keep  the  soil  in  tilth,  much  as  for 
any  other  crop.  (Fig.  7,  k.)  The  early  cultivations,  before  the 
root  systems  have  developed  much,  should  be  relatively  deep,  but 
later  in  the  season  shallow  cultivation  must  be  practiced,  to  avoid  in- 
juring the  fine  feeding  roots  that  spread  out  from  the  cane  near  the 
surface.  The  suckering  of  the  cane  can  be  controlled  to  some  extent 
by  the  cultivation.  Throwing  the  soil  toward  the  plants  tends  to  re- 
strain suckering.  On  the  other  hand,  leaving  the  bases  of  the  plants 
exposed  favors  suckering.  Therefore,  to  get  a  good  stand  from  the 
minimum  of  planting  material,  the  soil  is  withheld  from  the  rows 
as  far  as  feasible  during  the  early  stages  of  growth.  Later,  how- 
ever, when  the  season  is  too  far  advanced  for  new  suckers  to  mature, 
it  is  desirable  to  prevent  suckering,  and  the  soil  is  therefore  more 
liberally  plowed  against  the  rows.  "WTiere  the  drainage  is  poor,  as  in 
most  of  the  Louisiana  cane  belt,  this  ridging  up  of  the  rows  is  car- 
ried to  an  extreme,  leaving  deep  drainage  furrows  between  the  rows 
to  carry  off  the  surplus  rainfall  quickly.  In  irrigated  sections,  on 
the  other  hand,  the  farmers  strive  to  keep  the  cane  row  low  as  long  as 
practicable,  to  enable  them  to  run  the  irrigation  streams  through  the 
rows,  probably  coming  up  to  about  flat  cultivation  by  the  end  of  the 
first  year. 

The  only  difference  in  the  cultivation  of  the  fall-planted  cane 
is  to  bar  off  as  early  in  the  spring  as  the  weather  and  the  condi- 
tion of  the  soil  will  permit  and  to  rake  off  about  the  time  growth 
will  start.  To  bar  off  means  to  plow  a  furrow  away  from  each  side 
of  the  row,  usually  with  a  l-miile  tumplow,  leaving  a  ridge  about 
a  foot  wide  at  the  row  in  which  the  cane  lies  planted  in  the  fall 
under  a  covering  of  4  to  6  inches.  This  ridge  is  then  raked  off  by 
hand  with  hoes  or  by  cultivating  crosswise  with  a  harrow,  leaving 
only  1  to  2  inches  of  soil  over  the  cane. 

If  a  stubble  (ratooii)  crop  is  to  be  taken,  the  stubbles  receive  some 
special  attention.  Shortly  after  harvesting,  the  trash  is  burned  off 
(unless  it  is  desired  to  incorporate  it  into  the  soil  to  increase  the 
humus  content),  and  the  stubble  row  is  "wrapped"  by  throwing  a 
furrow  toward  it  from  each  side  with  a  1-mule  tumplow.  The 
remainder  of  the  space  between  the  rows  is  plowed  with  a  tumplow 
at  the  same  time.  In  this  condition  it  is  left  through  the  winter.  The 
treatment  in  the  spring  is  to  bar  off  and  to  rake  the  stubble  with  a 
harrow,  about  as  already  described  for  fall-planted  cane.  On  the 
big  plantations  in  Louisiana,  where  the  rows  are  on  high  ridges  and 
the  rootstocks  consequently  are  relatively  long,  instead  of  thus  rak- 
ing the  extra  soil  off  the  stubbles  it  is  customary  to  "  shaye  "  them. 
For  this  a  special  implement  is  employed,  having  either  a  horizontal, 
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obliquely  placed,  straight,  flat  cutting  bar  or  two  horizontal  disks,  to 
cut  through  the  ridge  left  at  the  time  of  barring  off  and  to  cut  off  the 
partly  decayed  upper  ends  of  the  old  rootstocks.  Suitable  plates  on 
the  implement  brush  the  loosened  soil  into  the  furrow  at  the  sides 
and  thus  leave  the  tops  of  the  shaved  stubbles  exposed.  This  removes 
from  the  rows  all  the  weeds  and  most  of  the  weed  seeds  and  thus  aids 
greatly  in  keeping  the  row  clean  during  the  early  growth  of  the  crop. 
Later,  and  before  the  crop  has  made  much  progress  in  growth,  it  ii^ 
advisable  to  loosen  the  soil  with  a  special  implement,  the  stubble 
digger.     (Fig.  10.) 

Neither  stubble  shavers  nor  stubble  diggers  have  been  adopted  to 
any  notable  extent  in  the  sirup  sections  east  of  Louisiana.    As  to  the 
implements  for  further  cultivation,  practice  in  the  sirup  sections 
differs  widely  from  that  of  the  large  plantations  of  Louisiana  and 
from  that  with  other  crops  in  the 
Northern  and  Western  States.   After 
the  preparation  of  the  land,  nearly 
all  the  work  is  done  with  1-mule 
implements,  using  a  1,  2,  or  3  point 
single  cultivator  in  the  early  cul- 
tivation (fig.  7,  d  and  e  to  j)  and 
sweeps  for  the  later  shallow  cultiva- 
tion.   To  one  accustomed  to  the  2- 
horse  or  larger  implements  used  in 
other  sections  of  the  coimtry   (fig. 
11),  this  farming  with  1-mule  im- 
plements seems  like  very  inefficient    fio.  id.— a  type  of  stubbie  digger  used 

utilization  of  farm  labor.     It  has  a         ^^^  sugar-cane  tUlage  m  Louisiana. 

partial  justification,  however,  in  the  facts  that  the  farms  and  fields 
are  mostly  small;  that  there  are  many  short  rows,  especially  where 
they  are  laid  off  along  contour  lines  on  the  hill  slopes^  that  no  head- 
lands for  turning  around  are  provided ;  and,  finally,  that  the  wages 
of  laborer  and  mule  are  nearly  equal. 

When  we  consider,  however,  that  not  uncommonly  the  operations 
of  marking  the  rows,  opening  the  furrows,  distributing  fertilizer,  and 
covering  the  cane  require  altogether  eight  trips  of  laborer  and  single 
mule  along  each  row,  there  seems  undoubtedly  room  for  improvement 
in  efficiency.  Practically  the  same  disproportion  of  trips  per  row  to 
the  work  accomplished  exists  in  the  later  cultivation  in  these  sections. 

Cultivation  generally  ceases  and  the  crop  is  "laid  by"  about  the 
middle  of  July  or  first  of  August.  By  this  time  the  crop  shades  the 
groimd  and  the  rows  have  spread  out  until  it  is  impracticable  to  get 
through  with  the  single-mule  implements. 
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HARVESTING. 

With  the  coming  of  cool  nights  and  moderately  cool  days,  which  is 
usually  in  October,  the  cane  matures  rapidly,  i.  e.,  stores  up  sugar  in 
the  stalk.  With  suitable  cool  weather,  the  cane  may  be  in  condition 
to  commence  grinding  by  the  latter  part  of  October.  Farmers  in  the 
sirup  sections  with  but  small  crops  to  dispose  of  prefer  to  wait  till 
near  the  middle  of  November.  In  southern  Florida,  where  winter 
frosts  are  rare,  they  can  afford  to  wait  till  December  before  com- 
mencing to  grind.  The  later  in  the  fall  or  winter  the  cane  is  har- 
vested, provided  it  is  not  damaged  by  frost,  the  bigger  the  yield  of 
cane  and  the  higher  the  sugar  content;  therefore  the  better  for  the 
manufacture  of  either  sugar  or  sirup.  However,  a  slight  degree  of 
immaturity  is  not  so  objectionable  for  sirup  making  as  for  sugar 
manufacture.  The  immature  cane,  while  containing  less  sucrose 
(common  sugar),  contains  more  of  the  reducing  sugars,  which  lessen 
the  tendency  of  sirup  to  granulate  when  boiled 'thick,  a  desirable 

property.  It  thus  comes  about  that 
the  sugar-cane  industry  for  sirup 
making  is  carried  to  somewhat 
higher  latitudes,  i.  e.,  colder  cU- 
mates,  than  for  sugar  manufacture. 
If,  howeviBr,  the  cane  is  too  im- 
mature, the  sirnip  can  not  be  made 
sufficiently  clear  and  light  colored 
and  has  an  objectionably  strong, 
bitter  flavor. 
Fio.  11.-A  type  of  2.hor8e  disk  cultivator        The  operation  of  harv'esting  (fig. 

used  on  large  sugar-cane  plantations.        12)  consists  of  stripping  the  leaves 

off  the  stalk,  topping  the  cane,  cutting  off  at  the  bottom,  drop- 
ping it  in  bundles,  loading,  and  hauling  to  the  mill.  The  stripping, 
topping,  and  cutting  of  the  cane  are  usually  accomplished  by  hand  witii 
a  cane  knife.  This  implement  has  a  small  hook  at  the  tip  of  the  back 
of  the  blade  (fig.  13,  b)  that  helps  in  raking  or  beating  off  the  leaves 
with  the  back  of  the  knife.  About  two  strokes  down  the  sides  of  the 
stalk  will  remove  the  leaves  if  the  stalk  stands  straight.  If  it  has 
been  lodged  by  a  storm  and  has  consequently  grown  crooked,  as  is 
frequently  the  case  with  the  old  home  varieties,  it  is  more  troublesome 
to  strip  off  the  leaves.  Thus  in  the  stripping,  and  in  the  further 
handling  also,  there  is  a  decided  advantage  in  growing  varieties  of 
rigid,  erect  characteristics,  such  as  the  D  74,  which  do  not  readily 
lodge.  Some  planters  prefer  to  strip  the  cane  a  few  weeks  in  advance 
of  the  actual  harvesting,  thinking  thereby  to  hasten  maturity.  This, 
however,  is  of  doubtful  value  except  to  get  that  much  of  the  work 
disposed  of  before  the  busy  harvesting  time  comes.     The  practices 
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in  harvesting  in  the  eastern  Gulf  States  differ  somewhat  from  those 
in  Louisiana  and  of  cane-growing  countries.  Three  different  tools  are 
used  in  stripping,  topping,  and  cutting  the  cane,  and  the  work  is  done 
in  three  stages.  First,  the  cane  is  stripped  by  the  use  of  a  flat  stick 
about  3  to  4  feet  long  or,  better,  with  a  tool  consisting  of  two  curved 
and  forking  narrow  blades  of  spring  steel  on  the  end  of  a  stick,  so 
disposed  that  the  operator  can  beat  the  leaves  down  from  both  sides 
of  the  stalk  with  a  single  stroke  (fig.  13,  a).  The  second  operation, 
the  topping,  is  done  with  an  ordinary  cane  knife.  Finally,  the  cane 
is  cut  off  at  the  ground  with  a  heavy,  short-handled  hoe  (fig.  14). 

Persistent  efforts  have  been  made  by  a  number  of  very  capable 
inventors  to  design  and  build  machines  to  harvest  the  cane,  and 
encouraging  progress  has  been  made.     Stripping  and  topping  the 


Fig.  12. — Harvestiiig  sugar  cane  In  Louisiana. 

cane  satisfactorily  without  making  the  machine  unwieldy  offer  the 
great  difficulty.  Possibly  we  may  hope  for  the  solution  of  the 
machine-harvesting  problem  when  means  for  utilizing  the  tops  are 
worked  out,  e.  g.,  siloing  and  feeding,  so  as  to  pay  for  their  trans- 
portation to  the  mill  or  to  some  central  loading  station.  Then  the 
inventors  could  attack  the  problem  of  stripping  and  topping  by 
means  of  stationary  machines  without  being  so  closely  limited  in 
the  weight  or  size  of  the  machines. 

The  loading  of  the  cane  is  done  by  hand  except  on  some  of  the 
large  sugar  plantations,  where  loading  machines  are  in  use,  operated 
either  by  mules  or,  better,  by  gasoline  power.  (Fig.  15.)  Suitable 
^abs  and  hoists  pick  up  the  cane  from  the  small  heaps  into  which 
the  cutters  have  dropped  it  and  swing  it  over,  to  be  tripped  off  into 
the  wagon  box.    The  wagons  or  carts  may  be  provided  with  slings 
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to  unload  the  cane  at  the  mill  or  at  the  field  railway  by  the  use  of 
power  hoists. 

A  light  frost  on  the  cane  may  kill  the  leaves  without  seriously 
damaging  the  cane  except  to  check  its  growth.  A  somewhat  heavier 
frost  that  kills  the  growing  tip  and  the  eyes  renders  the  cane 
worthless  for  planting,  but  occasions  no  serious  loss  for  sugar  or  sirup 
manufacture  if  the  cane  is  not  left  standing  in  the  field  very  long. 
P'ermentation  proceeds  but  slowly  from  the  injured  tips  and  eyes, 
resulting  in  no  serious  deterioration  if  harvesting  is  delayed  even 
for  a  week  or  two.  If,  however,  a  hard  freeze,  sufficient  to  freeze  the 
interior  of  the  stalks,  catches  the  crop  still  in  the  field,  then  the 
rind  of  the  stalks  is  burst  open.  If  warm  weather  follows  and  the 
cane  is  exposed  to  it,  fermentation  beginning  along  the  injured  stalks 

will  in  a  very  few  days  cause  a  sour- 
ing of  the  cane  to  an  extent  that 
makes  it  worthless  for  either  sugar  or 
sirup  manufacture.  In  case  of  a 
heavy  frost  or  of  a  freeze  much  may 
be  done  toward  saving  the  cane  or 

rm  I  extending  the  time  in  which  it  can 

I  be    groimd    profitably    by    promptly 

I  windrowing  it.    If  possible,  before  the 

I  weather  turns  warm,  the  cane  should 

I  be  cut  and  laid  in  windrows,  with 

I         the  tops  overlapping  the  stalks,  the 
I  same  as  in  putting  away  seed  cane, 

I  but  omitting  the  soil  covering.  The 
foliage  will  then  protect  the  stalks  in 
a  measure  from  the  heat  of  the  sun, 
and  fermentation  proceeds  much  more 
slowly.  Windrowing  is  the  more 
effective  if  the  cane  is  put  down  while  it  and  the  ground  are  cold. 
It  is  much  better  if  the  frost  can  be  anticipated  and  the  cane  put  in 
windrows  just  before  the  frost.  Some  deterioration  will  still  take 
place,  but  it  is  relatively  small.  Of  course  the  possibility  of  fur- 
ther growth  is  sacrificed.  It  thus  occasionally  happens  that,  with 
weather  conditions  threatening  a  freeze,  or  inunediately  following 
a  freeze,  the  plantation  manager  shuts  down  the  mill  and  puts  all 
available  hands  at  windrowing  cane,  working  imder  pressure  almost 
night  and  day  until  the  cane  is  all  down.  It  is  later  stripped  out 
of  the  windrows  and  topped  as  fast  as  the  mill  can  work  it  up.  If 
the  cane  is  not  badly  frozen  and  time  permits,  it  is  more  economical 
and  equally  effective  in  protecting  the  cane  to  strip,  top,  and  cut  it, 
drop  it  in  small  heaps,  and  cover  it  with  trash  until  it  can  be  milled. 


Fig.  13. — Harvesting  tools  used  in 
Georgia  and  Florida  :  o,  a.  Strip- 
ping tools ;  h,  cane  knife ;  c,  hoe. 


Digitized  by 


Google 


SUGAR-CANE  CULTURE   FOR  SIRUP  PRODUCTION.  27 

YIELD  OF  CANE,  SUGAR,  AND  SIRUP. 

For  rich  Mississippi  Delta  land,  with  good  care  and  a  good  season, 
25  to  35  tons  per  acre  would  be  considered  a  fair  crop  from  plant 
cane,  i.  e.,  the  first  crop  from  a  planting.  About  two-thirds  of  this 
yield  may  be  expected  from  the  first  ratoon  crop  (first-year  stubble 
crop)  and  about  one-half  the  plant-cane  yield  from  the  second  ratoon 
crop  (second-year  stubble  crop).  In  most  sections  farther  east,  with 
a  lighter  soil,  the  yields  are  lower,  viz,  about  18  to  25  tons  per  acre 
from  plant  cane  under  favorable  conditions,  and  about  two-thirds 
and  one-half  of  this  from  the  first  and  second  ratoon  crops,  respec- 
tively. 

The  ratios  here  given  between  the  yields  of  the  plant-cane  crop 
and  the  first  and  second  year  stubble  crops  are  estimated  to  be  the 


Fig.  14. — ^Harvesting  sugar  cane  in  Georgia. 

average  ratios  for  all  seasons  and  all  farms;  however,  these  relations 
are  subject  to  great  variations  in  different  seasons  and  on  different 
farms.  Thus,  in  southern  Georgia  during  the  season  of  1914  the 
stubble  crops  made  an  exceptionally  good  stand  and  growth,  the'  first- 
year  stubble  on  many  farms  exceeding  in  yield  the  plant-cane  crop. 
The  succeeding  year,  1915,  on  the  other  hand,  showed  an  equally  ab- 
normal divergence  in  the  other  direction,  in  that  the  first-year  stub- 
ble crop  on  most  farms  yielded  less  than  half  of  what  the  plant-cane 
crop  yielded,  while  the  stand  of  the  second-year  stubble  crop  in 
most  cases  was  so  poor  in  the  spring  that  the  farmers  plowed  up  this 
cane  and  planted  the  fields  in  other  crops. 

The  composition  of  the  cane  varies  with  the  variety,  the  season,  the 
time  of,  harvesting,  and  other  factors.    It  may  be  expected  to  con- 
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tain  on  an  average  about  88  to  90  per  cent  of  its  weight  in  juice. 
The  best  modem  sugar-factory  mills  with  9  or  12  rollers  and  with 
"saturation"  (addition  of  water  between  successive  pressings)  can 
extract  about  80  to  85  per  cent  of  the  weight  of  cane  in  juice.  Power 
mills  with  a  single  set  of  three  rollers  may  effect  an  extraction  up  to 
about  68  per  cent.  Those  of  small  design,  as  used  on  the  sirup- 
making  farms,  rarely  exceed  65  per  cent.  The  small  mills  driven  by 
6  to  8  horsepower  gasoline  engines  usually  give  an  extraction  of  55 
to  65  per  cent,  and  the  horsepower  mills  frequently  even  less.  With 
average  cane  and  good  management  of  the  mill,  the  extraction,  even 
with  these  small  mills,  should  not  be  below  58  to  63  pelf^nt  of  the 
weight  of  the  cane. 

The  sucrose  (common  sugar)  content  of  cane  is  especially  subject 
to  variation  with  degree  of  maturity,  seasonal  conditions,  etc  About 
11  to  14  per  cent  may  be  taken  as  the  usual  sucrose  content  of  the 


Fig.  15. — A  gasoline-power  sugar-cane  loader. 

juice  in  the  Southern  States.  Accompanying  the  sucrose  we  may 
expect  to  find  1.5  to  2  per  cent  of  reducing  sugars  (dextrose  and 
levulose,  frequently  spoken  of  as  glucose).  In  the  earliest  part  of 
the  harvest  season  the  sucrose  content  is  lower  and  the  reducing 
sugars  higher  than  they  are  later.  With  good  mature  cane,  such  as 
is  usually  produced  in  tropical  countries,  the  reducing  sugars  almost 
vanish.  Besides  these  sugars,  the  juice  contains  from  1.3  to  2  per 
cent  of  solids  other  than  sugar.  With  the  usual  losses  in  extraction 
and  other  unavoidable  losses  in  the  manufacture  of  sugar  and  sirup, 
the  actual  yield  of  sugar  under  favorable  conditions  in  a  large  fac- 
tory is  140  to  180  pounds  per  ton  of  cane,  or  about  2  to  2.8  tons  of 
sugar  per  acre  of  good  plant  cane  on  Mississippi  River  Delta  land. 
The  actual  yield  of  sirup  is  about  18  to  24  gallons  per  ton  of  cane,  or 
about  400  to  525  gallons,  equal  to  12  to  16  barrels  of  sirup,  per  acre 
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of  plant  cane  on  good  Georgia  or  Florida  farms.  The  average  yields, 
as  shown  by  the  census  reports,  are  much  below  these,  showing  that 
many  farms  and  factories  are  not  producing  yields  up  to  the  normal 
for  good,  well-managed  farms. 

STORING  CANE  FOR  PLANTING. 

In  localities  subject  to  winter  frosts,  if  the  new  plantings  of  cane 
are  not  made  in  the  fall,  planting  the  cane  directly  from  the  field 
as  it  is  harvested,  some  means  must  be  employed  for  storing  the  cane 
until  time  to  plant  it,  which  is  usually  in  the  spring.  Two  somewhat 
different  modes  of  storing  are  in  common  use,  viz,  windrowing  and 
banking.  Practice  also  varies,  some  preferring  to  dig  up  the  cane 
and  store  it  with  the  rootstocks  left  on,  while  others,  to  save  labor, 


Fig.  16. — Pottlns  sugar  cane  in  windrows  in  Louisiana. 

are  content  to  cut  the  cane  about  even  with  the  surface  of  the  ground, 
thus  sacrificing  the  short  rootstock,  which  bears  a  large  number  of 
eyes. 

Windrowing  is  generally  practiced  on  the  large  sugar  plantations, 
like  those  in  Louisiana,  where  large  quantities  of  cane  are  to  be 
stored  in  a  relatively  short  time.  (Fig.  16.)  The  ridge  cultivation 
results  in  deep  furrows  being  formed  in  the  middles  between  rows 
during  cultivation.  The  cane  from  two  or  three  rows,  cut  off  at  the 
ground  and  without  removing  the  foliage,  is  laid  into  one  of  the 
middles,  overlapping  in  such  a  manner  that  the  tops  always  cover 
the  stalks  previously  laid  down.  The  windrow  thus  formed  is  cov- 
ered with  soil  by  the  use  of  large  plows,  throwing  about  two  furrows 
from  each  side  over  it  If  the  soil  is  cloddy  or  wet,  a  disk  cultivator 
is  sometimes  driven  over  the  windrows  to  smooth  out  the  soil  that 
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the  plows  have  thrown  up,  and  finally  hand  hoes  are  employed  to 
cover  such  gaps  as  the  plows  and  cultivator  failed  to  cover.  At  plant- 
ing time  the  cane  is  pulled  out  of  these  windrows  by  the  use  of  a  mule 
pulling  a  specially  constructed  implement  with  prongs  or  hooks 
.  crosswise  of  the  rows.  The  storage  of  cane  by  banking  is  similar  to 
windrowing  in  principle,  but  the  layer  of  cane  is  usually  deeper  and 
the  space  covered  wider.  The  depth  of  the  cane  in  the  bank  before 
covering  is  from  18  to  30  inches  and  the  width  from  about  5  to  10 
feet.  The  length  of  these  banks  is  governed  by  oonvenienoe.  Only 
the  edges  can  be  covered  with  plows  and  the  center  strip  of  the  bank 
must  be  covered  by  hand  with  shovels.  (Fig.  17.)  About  1  to  2 
inches  of  soil  is  put  on  the  bank.  Some  prefer  to  leave  a  strip  of 
about  8  inches  in  the  middle  of  the  bank  uncovered  until  colder 
weather  or  all  winter.    At  planting  time  the  soil  is  shoveled  oflF  these 


"Fig.  17. — A  bank  of  sugar  cane  in  Georgia  ready  to  cover. 

banks  and  the  cane  pulled  out  by  hand  arid  stripped  of  leaves  and 
topped.  It  is  thus  seen  that  banking  the  cane,  while  possibly  some- 
what more  economical  of  planting  material,  requires  proportionally 
much  more  hand  labor,  and  it  can  therefore  be  practiced  only  where 
the  cane  areas  are  small  and  the  labor  available  is  relatively  abun- 
dant. 

Whether  the  cane  is  to  be  banked  or  windrowed,  it  is  necessary 
to  take  every  precaution  to  see  that  it  is  well  matured  and  kept 
as  cool  as  possible  in  storage.  The  nonavailability  of  labor  whUe 
harvesting  for  the  mill  and  the  danger  from  frosts  lead  the 
planters  usually  to  store  the  seed  cane  before  beginning  to  harvest 
for  the  mill,  thus  sacrificing  some  in  maturity  of  the  cane.  Cool, 
wet  days  are  chosen,  if  possible,  for  the  work  of  storing.  If  it  must 
•  be  banked  when  the  ground  is  warm  and  dry,  it  is  advisable  to  scrape 
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away  the  warm  and  dry  surface  soil  immediately  before  putting 
down  the  cane. 

INSECT  PESTS  AND  DISEASES  OF  CANE. 

The  reader  is  referred  to  other  publications  for  details  in  regard 
to  insect  pests  and  diseases  that  are  likely  to  infest  sugar  cane.^  In 
this  more  general  treatment  of  the  subject,  however,  attention  will 
he  called  to  a  few  of  the  more  dangerous  pests  and  diseases  that  the 
farmer  should  avoid  if  possible. 

The  moth  borer  {Diatraea  saccharalis)  is  by  far  the  most  destruc- 
tive insect  pest  with  which  cane  growers  have  to  contend.  It  infests 
the  fields  throughout  most  of  the  Louisiana  cane  belt  and  parts  of 
Texas.  East  of  Louisiana  it  has  been  found  in  only  a  few  rather 
restricted  localities.  The  moth  lays  its  eggs  on  the  leaves  of  the  cane 
and  the  larvae  from  the  eggs  bore  into  the  stalk,  reducing  the  yield 
of  cane  and,  much  more,  the  yield  of  sugar  or  sirup  from  it  and  kill- 
ing many  eyes  of  the  cane  stored  for  planting. 

The  mealy  bug  {Paeudococcus  caZceolariae)  comes  next  in  impor- 
tance in  regard  to  the  damage  done  in  the  cane  areas  of  the  United 
States.  It  is  widespread  in  the  Louisiana  cane  districts  and  does 
much  damage  to  the  cane.  These  bugs  collect  around  the  stalks  of 
the  cane,  mostly  near  the  joints,  and  suck  the  juice  out  of  the  cane. 
They  are  covered  with  a  downy  white  fuzz,  making  it  appear  as  if 
the  stalk  were  covered  with  a  white  mold.  It  is  practically  impos- 
sible by  any  means  yet  worked  out  to  eradicate  either  the  moth  borer 
or  the  mealy  bug  when  once  they  have  become  well  established  in  a 
cane-growing  locality.  For  localities  not  infested,  an  ounce  of  pre- 
vention is  worth  many  poimds  of  cure.  Great  caution  should  be  ex- 
ercised to  prevent  their  introduction.  Cane  for  planting  or  other 
purposes  should  not  be  imported  to  a  free  section  from  an  infested 
section  except  under  the  direction  of  an  expert. 

Termites,  also  called  wood  lice  and  white  ants,  at  times  do  some 
damage  to  cane.  They  are  most  likely  to  occur  where  there  is  much 
coarse  vegetable  matter  in  the  soil,  therefore  in  new-ground  fields. 
Fertilizing  by  dropping  raw  cottonseed  in  the  furrow  at  planting 
time  frequently  leads  to  increased  damage  to  the  cane  from  the 
termites.  They  enter  the  growing  stalks  from  the  planted  cane, 
causing  hollows  which  become  surrounded  with  hardened  tissue. 
Usually,  if  termites  get  started  in  a  planted  stalk,  they  enter  all  the 
young  stalks  sprouting  from  it.    For  this  reason  it  is  recommended, 

1  Holloway*  T.  E.  Insects  liable  to  dissemination  in  shipments  of  sugar  cane.  U.  S. 
Dept.  Agr.,  Bnr.  Ent.  Clr.  165,  8  p.    1912. 

Field.  Ethel  C.  Fungous  diseases  liable  to  be  disseminated  in  shipments  of  sugar 
cane.    In  U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Clr.  126,  p.  1-18,  7  fig.     1918. 
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in  fields  where  they  give  trouble,  to  cut  the  stalks  for  planting  into 
short  lengths,  12  to  18  inches,  and  to  drop  these  pieces  in  the  furrows 
somewhat  diagonally  or  otherwise,  so  that  the  ends  will  not  touch. 

Of  sugar-cane  diseases  the  one  causing  by  far  the  greatest  damage 
in  the  United  States  is  the  red-rot,  caused  by  the  fungus  CoUeto- 
trichum  falcatum.  This  disease  is  distributed  throughout  most  of 
the  sections  where  cane  is  extensively  grown.  The  most  serious 
damage  from  it  has  been  reported  from  Louisiana  and  from  the 
sections  of  southern  Georgia  and  northern  Florida  where  large  areas 
are  devoted  to  sugar  cane.  It  does  not  seriously  damage  the  growing 
cane  or  affect  its  sugar  content,  but  it  has  caused' great  losses  in  the 
banks  or  windrows  while  in  storage  for  spring  planting.  In  recent 
years  on  some  farms  it  has  frequently  caused  losses  ranging  from 
25  to  75  per  cent  of  the  cane  put  away.  Until  the  nature  of  this 
disease,  the  manner  of  its  propagation,  and  effective  means  for  its 
control  have  been  better  worked  out  for  our  climate  it  is  advisable 
to  employ  ordinary  measures  of  field  sanitation,  such  as  (1)  to  avoid, 
as  far  as  feasible,  the  devotion  of  the  same  area  to  cane  without  an 
interim  of  several  years  of  planting  to  other  crops;  (2)  putting 
away  seed  cane  from  new  ground  or  from  areas  where  there  is  reason 
to  think  the  infection  is  not  so  great;  and  (3)  trimming  away  the 
badly  diseased  portions  of  the  stalks  at  planting  time.  It  should  be 
said,  however,  that  it  is  not  at  present  known  to  what  degree  these 
measures  are  efficient  in  lessening  the  damage  from  red-rot. 

Root-rot  {Mara.smiu8  sacchari)  is  responsible  in  some  localities 
for  considerable  reductions  in  yields  and  especially  for  the  dying  out 
of  stubbles,  resulting  in  a  poor  stand.  In  the  growing  cane  that  is 
diseased  it  is  noticeable  in  the  earlier  stages  and  in  wet  weather  as 
a  slimy  growth  between  the  leaf  sheathaand  the  stalks  near  the  ground, 
and  later  by  a  cementing  of  the  lower  leaf  sheaths  to  the  stalks  with 
a  whitish  mold.  In  putting  away  seed  cane  such  stalks,  or  at  least 
the  affected  lower  ends  of  them,  should  be  rejected.         \ 

A  number  of  other  dangerous  diseases  and  insect  pests  of  sugar 
cane  have  appeared  in  many  foreign  countries,  so  that  it  is  unwise 
to  bring  cane  from  any  foreign  country  except  through  approved 
quarantine  stations.  Recognizing  these  dangers,  the  Federal  Horti- 
cultural Board  has  instituted  a  strict  quarantine  against  cane  from 
all  foreign  countries.  Any  proposed  exceptions  to  this  quarantine 
against  individual  countries  or  parts  of  coimtries  will  have  to  be 
considered  by  this  board  on  their  merits,  exemptions  being  made 
only  after  it  is  ascertained  that  the  localities  in  question  are  free 
from  dangerous  diseases  and  pests  or  after  methods  of  treatment  are 
worked  out  which  can  be  depended  upon  to  exclude  them.  For  the 
introduction  of  small  quantities  of  cane  of  hopeful  new  varieties 
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for  propagating  and  testing,  an  avenue  is  open  through  the  United 
States  Department  of  Agriculture.  They  will  be  propagated  under 
suitable  quarantine  isolation  until  it  is  ascertained  that  the  samples 
harbor  no  dangerous  pests  or  diseases. 

The  risk  incurred  in  introducing  cane  from  other  regions  is  illus- 
trated by  an  incident  that  occurred  a  few  years  ago.  The  United 
States  Department  of  Agriculture  introduced  a  small  mail  shipment  of 
cane  of  a  rare  variety  from  Hawaii  for  propagation  in  Porto  Rico, 
observing  the  precaution  of  planting  it  the  first  season  in  one  of  our 
quarantine  greenhouses.  In  spite  of  the  fact  that  the  cane  had  been 
carefully  selected  and  prepared  for  shipment  by  an  official  of  the 
Hawaiian  Sugar  Planters'  Experiment  Station  and  that  when  the 
package  arrived  at  Washington,  D.  C,  it  seemed  to  be  free  from  pests 
and  diseases,  it  developed  during  that  season  an  abimdant  crop  of 
the  Hawaiian  Teafhopper,  one  of  the  most  destructive  insect  pests 
that  have  ever  been  known  to  attack  sugar  cane.  This  simple  pre- 
caution, which  led  to  the  subsequent  destruction  of  the  cane,  doubtless 
saved  the  Porto  Eican  planters  from  losses  by  this  pest  such  as  the 
Hawaiian  planters  suffered,  amounting  in  Hawaii  at  one  time  to  mil- 
licms  of  dollars  annually  and  threatening  the  complete  destruction  of 
their  great  sugar  indui^ry. 

SOME  BUSINESS  CONSIDERATIONS  IN  CONNECTION  WITH  THE 
SUGAR-CANE  AND  SIRUP  INDUSTRY. 

One  of  the  first  questions  that  a  new  settler  in  a  sugar-cane  and 
sirup-producing  section  will  ask  is  "What  profit  can  be  expected 
from  this  branch  of  the  farm  business  ?  "  Even  the  old  settlers  and 
old  sirup  producers  as  a  rule  can  profit  by  making  a  closer  study 
of  the  farm-economics  side  of  their  industry.  The  publication  here 
of  data  on  the  business  side  of  the  industry,  collected  from  some  of 
the  best-informed  farmers  in  the  sirup  belt  of  southern  Georgia  and 
northern  Florida,  may  therefore  be  of  interest.  The  subject  will  be 
considered  imder  the  several  headings:  (1)  Equipment  and  capital 
invested,  (2)  cost  of  producing  the  cane,  (3)  cost  of  manufacturing 
the  sirup,  and  (4)  value  of  products  and  profita 

EQUIPMENT  AND  CAPITAL  INVESTED. 

Sugar-cane  growing  requires  the  best  of  land  that  the  sections  in 
question  afford.  While  vast  areas  of  land  in  these  States  can  be 
bought  at  $10  an  acre  and  less,  it  is  not  to  be  expected  that  such  cheap 
lands  have  much  value  for  cane  production.  There  are  large  areas 
of  flat  coastal  plains  that  are  too  sandy  for  profitable  cane  culture. 
One  must  expect  to  pay  from  $20  to  $60  for  good  cane  land  in  Geor- 
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^a  or  Florida  and  about  double  this  price  in  Louisiana.  Grood  land 
well  located  for  citrus  fruits  would  command  higher  prices,  and  con- 
sequently would  hardly  be  used  for  cane.  Additional  allowance 
must  be  made  for  the  investment  in  improvements.  To  cover  the 
interest  on  the  land  investment,  together  with  expenses  for  upkeep, 
taxes,  etc.,  the  farmers  in  computing  the  cost  of  producti(Mi  of  the 
cane  in  sections  east  of  Louisiana  must  allow  about  $2  to  $4  an  acre 
as  thp  annual  rent  for  the  land. 

The  implements  required  in  the  present  practices  in  these  localities 
are  about  the  same  as  for  other  field  crops,  e.  g.,  com  or  cotton,  and 
usually  include  small  and  large  turnplows,  middle  breakers,  harrows, 
a  weeder,  various  forms  of  1-mule  cultivators  with  one  or  more  points, 
a  fertilizer  distributor,  and  wagons ;  also  hand  implements,  including 
hoes,  shovels,  etc.  About  the  only  special  implements  required  for 
the  cane  are  the  cane  knives  and  the  stripping  tools.  Under  such  cir- 
cumstances as  have  been  suggested  under  the  headings  "  Preparation 
of  the  land  "  and  "  Cultivating  the  cane  "  the  farmer  may  add  to  his 
equipment  a  disk  plow,  a  subsoiler,  and  2-horse  cultivators.  There  is 
thus  to  be  charged  to  the  sugar  cane  for  implements  such  proportion 
of  the  total  equipment  of  the  farm  as  the  area  of  sugar-cane  land 
bears  to  the  total  area  of  cultivated  land  on  the  farm,  or  somewhat 
more,  because  the  cane  requires  more  work.  The  same  may  be  said 
of  the  equipment  in  the  line  of  work  animals.  In  computing  the  cost 
of  production  of  the  cane  in  this  bulletin  the  interest  on  the  invest- 
ment for  work  animals  and  implements  is  presumed  to  be  covered  by 
the  expense  for  mule  hire  and  labor. 

It  is  proposed  in  another  bulletin  to  give  a  detailed  discussion  of 
the  sirup-making  equipment.  A  summary  only  can  here  be  given. 
An  equipment  very  commonly  used  for  small  farms  with  the  approxi- 
mate cost  of  the  several  items  consists  of  the  following: 

MiU  with  throe  roUers,  each  1  foot  long $125 

Gasoline  or  kerosene  engine  of  about  6  horsepower 250 

Evaporator,  galvanized  iron,  15  feet  long  and  about  42  Inches  wide,  with 

baffle  plates  and  skimming  troughs 20 

Bricks  (about  2,500)  and  lime  (3  barrels)  for  building  the  hearth  furnace 
for  the  evaporator,  together  with  belt,  juice  receptacle,  Juice  pipes  and 

valves,  and  sirup  receptacle 100 

Material  and  labor  for  shelter  and  labor  for  building  the  furnace 105 

Total - eOO 

The  capacity  of  such  an  outfit  would  be  about  6  barrels  per  day  of 
12  hours,  disposing  of  one-third  to  one-half  an  acre  of  good  cane  a 
day.  Assuming  a  24-day  grinding  period,  this  outfit  would  suffice 
for  a  cane  area  of  8  to  12  acres. 

For  a  small  acreage,  up  to  3  or  4  acres,  a  horse  mill  and  a  roimd- 
bottom  iron  kettle  outfit  are  frequently  used,  especially  in  old  instal- 
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lations,  the  total  outfit,  including  shelter  for  the  kettle,  costing  about 
$125.  For  a  larger  area  than  12  acres  the  tendency  now  seems  to  be 
to  put  in  additional  evaporators  of  the  kind  first  mentioned  and  to 
install  a  larger  mill,  using  steam  power.  Others,  in  order  to  secure 
a  higher  capacity,  prefer  to  put  in  a  steam  outfit,  including  a  boiler, 
steam  engine,  and  steam  vats  for  boiling  the  sirup.  Such  outfits 
with  capacities  ranging  from  10  to  18  barrels  of  sirup  per  day  of  12 
hours  (or  more  than  double  that  capacity  per  day  of  24  hours)  may 
be  estimated  ta  cost  from  $2,000  to  $6,000. 

COST  OF  PRODUCING  THE  CANE. 

Estimates  of  the  cost  of  individual  items  in  the  production  of  sugar 
cane  and  sirup  were  obtained  by  the  writer  from  many  practical 
farmers  in  the  sirup  sections;  These  estimates  varied  somewhat  as 
to  itemization  and  operations,  but  the  detailed  statements  of  two  of 
them,  selected  as  representative,  are  here  reported  in  fulL 

DETAILED  ESTIMATE  BT  A  OBOBOIA  FABMEE. 

The  first  of  these  detailed  estimates  was  given  in  1914  by  a  farmer 
in  southern  Georgia,  basing  the  calculation  on  his  extensive  experi- 
ence in  cane  culture  and  sirup  manufacture,  operating  on  a  scale  that 
would  there  be  characterized  as  extensive.  All  common  labor  is 
computed  at  75  cents  a  day  for  men  and  50  cents  a  day  for  women. 
Mule  hire  is  computed  at  75  cents  a  day.  To  prepare  the  land,  it  is 
calculated  that  1  man  and  3  mules  with  a  disk  plow  will  break  2  acres 
a  day,  making  the  cost  per  acre  as  follows : 

Breaking $1.50 

Harrowing .  50 

Laying  off,  marking,  and  opening  the  furrows 1.00 

Total  (to  prepare  the  land  for  planting) 3.00 

In  planting,  a  crew  sufficient  to  plant  about  6  acres  a  day  is  em- 
ployed and  the  expense  is  computed  as  follows : 

Hauling  cane  (4  men  and  8  mules),  hauling  fertilizer  (1  man  and  2 
mules),  distributing  fertilizer  and  helping  to  cover  (1  man  and  1 
mule),  covering  (1  man  and  1  mule) ;  total  for  7  men  and  12  mules 
at  75  cents  each  per  day $14. 25 

Stripping  the  cane,  cutting  it  into  short  lengths,  and  trimming  off  diseased 
portions  (25  women),  dropping  the  cane  in  the  furrows  (6  women)  ; 
tptal  for  31  women  at  50  cents  each  per  day 15. 50 

Overseers,  two,  at  $1.25  each  per  day 2. 50 

Total  (cost  of  planting  6  acres) 32.25 

(>>st  of  planting  1  acre 5.38 

The  cultivation  and  cost  of  fertilizer  are  computed  as  follows: 
Hoeing  twice  by  hand,  $1 ;  six  cultivations,  1  man  and  1  mule  cover- 
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ing  3  acres  a  day  at  each  cultivation,  for  2  days,  $3;  hauling  and  dis- 
tributing fertilizer  for  second  application,  50  cents;  total  cost  of 
fertilizer,  1,500  pounds  (10-3-5  formula),  at  $20  a  ton  (the  normal 
wholesale  price  before  the  European  war),  $15. 

Harvesting  costs  about  $5  per  acre.  Hauling  to  the  mill,  assuming 
that  the  average  distance  is  three-fourths  pf  a  mile  and  that  1  man 
and  2  mules  will  haul  about  eight  loads  a  day,  will  be  about  $5  f& 
acre. 

Siunmarizing,  the  cost  per  acre,  according  to  this  farmer's  esti- 
mates, is  as  follows: 

Rental  of  land—- $2.  50 

Seed  cane  in  the  banks 10. 00 

Breaking  the  land,  harro^nring,  and  marking  and  opening  the 

furrows _ 8.00 

Preparing  the  cane,  hauling,  and  planting 5. 38 

Hoeing  by  hand 1. 00 

Cultivation 3.00 

Second  distribution  of  fertilizer .  50 

Total  fertilizer,  1,500  pounds 15. 00 

Harvesting 5. 00 

HauUng  to  mlU 5. 00 

Additional  time  of  overseers 3. 00 

Total  cost  of  1  acre  of  cane  deUvered  at  the  mill 53, 38 

The  allowance  made  for  mule  hire,  75  cents  a  day,  is  the  usual  rate. 
With  good  management,  however,  employing  the  mule  profitably  200 
days  a  year,  the  expenses  for  mule  hire  may  be  somewhat  reduced,  as 
is  shown  by  the  following  computation  made  by  the  same  farmer: 
Original  cost  of  mule  old  enough  to  work,  $250;  average  length  of 
service  of  a  mule,  10  years,  with  $75  per  year  for  his  keeping,  $750; 
total  cost  for  10  years'  service,  $1,000.  Assuming  that  the  mule  is 
employed  profitably  200  days  per  year,  the  cost  per  day  is  50  cents. 
However,  as  the  time  that  the  mule  is  actually  employed  profitably 
rarely  averages  200  days  per  year,  and  to  cover  also  the  rental  and 
deterioration  of  implements,  the  allowance  of  75  cents  a  day  is 
reasonable. 

ANOTHEB  DETAILED  ESTIMATE,  BY  A  GEORGIA  FABM   MAIVAGES. 

Another  detailed  estimate  of  the  cost  of  cane  production  was  ob- 
tained from  the  manager  of  a  large  estate  in  the  same  locality.  He 
allowed  the  same  wages  for  common  laborers  and  for  mules  as  was 
allowed  in  the  preceding  estimate,  viz,  75  cents  a  day  for  men  and 
mules  and  50  cents  a  day  for  boys  and  women.  He  employed  less 
labor,  but  for  fertilizer  he  allowed  more,  making  the  total  practically 
the  same. 
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Breaking  the  land  (1  man  and  2  mules  with  a  tnrnplow,  about  8  acres 
a  day) ;  cost  per  acre $0.75 

Laying  off  the  land  (running  occasional  guide  lines  along  hill  slopes  by 
the  use  of  a  farm  level,  leveling  rod,  and  marker,  1  man  at  $2  a  day, 
2  men  and  a  mule  at  75  cents  each  per  day) ;  total  $4.25  a  day  (to  lay 
off  about  80  acres) ;  cost  per  acre .  15 

Opening  the  furrow  (with  a  sq[>aclng  rod  attached  to  the  beam  of  the 
middle  breaker,  or  judging  the  distance  between  rows  by  the  eye,  1  man 
at  $1  a  day  with  2  mules) ;  total  $2.50  a  day  (to  open  the  furrows  of 
about  7  acres);  cost  per  acre .35 

Planting  (stalks  not  cut  in  short  lengths  nor  diseased  parts  trimmed  off, 
with  5  women  to  take  the  cane  from  the  banks  and  strip  it,  1  man  and 
2  mules  to  haul  it,  6  women  to  drop  It  in  the  furrows,  1  man  and  1  mule 
to  cover,  2  overseers  at  $1.50  and  $2,  respectively) ;  total  $12.75  a  day 
(to  plant  about  5  acres) ;  cost  per  acre 2. 55 

Ck>mmerclal  fertilizer,  9-2-8  mixture  (first  application,  800  pounds  per 
acre  in  the  furrow  at  planting ;  second  application,  500  pounds  during 
cultivation ;  third  application,  500  pounds  at  laying-by  time) ;  total 
1,800  pounds,  at  $22.50  per  ton 20.25 

Distributing  the  fertilizer  by  hand  (with  2  men  and  2  mules  hauling  and 
2  boys  and  2  women  distributing) ;  total  $5  a  day  (to  cover  6  acres  at 
each  distribution) ;  expense  per  acre  (3X|  of  $5) 2.50 

Summarizing  the  above,  together  with  the  other  items  involved, 
the  cost  per  acre  is  shown  to  be  as  follows: 

Rental  of  land ' $2.50 

Breaking  the  land .  75 

Harrowing .  25 

Laying  off  guide  rows .15 

Opening  the  furrows .35 

Preparing,  hauling,  and  planting  the  cane 2. 55 

Cane,  5  feet  long,  2,000  stalks,  at  $5  per  1,000 10. 00 

Fertilizer,  1,800  pounds,  at  $22.50  per  ton 20.25 

Hoeing  twice  by  hand 1.00 

Cultivating  6  times— _^ 2.00 

Distributing  fertilizer  8  times 2.50 

Harvesting 5.00 

Hauling 5.00 

Additional  time  of  overseers : 2.00 

Total  cost  per  acre  of  cane  delivered  at  mill 54. 80 

SUPPLEMENTARY  CONSIDERATIONS. 

The  estimates  of  a  farmer  in  northern  Florida  who  computed  rent, 
labor,  and  seed  cane  much  higher  and  fertilizer  lower  give  a  total 
of  $69  an  acre. 

On  smaller  farms  where  the  farmer  and  his  family  do  much  of 
the  work  the  cost  per  acre  will  be  about  the  same  if  reasonable 
wages  are  allowed  for  their  time. 

The  total  cost  of  production  will  be  changed  but  little  if  seasonal 
conditions  cause  the  yield  to  be  extra  small  or  extra  large.  Only  the 
harvesting  and  hauling  expenses  would  be  decreased  or  increased. 
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The  amount  charged  for  seed  cane,  $10,  assumes  that  there  was  only 
a  moderate  loss  in  storage.  If  the  cane  kept  very  well,  this  amoui^ 
would  be  less,  and  if  it  kept  very  poorly,  as  has  often  happened  in 
recent  years,  it  would  be  more. 

The  cost  of  producing  the  first  stubble  crop  is,  of  course,  consid- 
erably less,  owing  to  the  fact  that  all  expenses  for  preparing  the  land 
and  planting  are  avoided,  amounting  in  the  first  of  the  above  calcu- 
lations to  $18.38.  In  its  place,  however,  would  come  the  relatively 
small  expense  of  "  wrapping  the  stubble,"  plowing  the  middles,  bar- 
ring off,  and  raking  off  the  stubble,  amounting  to  about  $3.50  per  acre. 
Since  a  poorer  stand  and  a  smaller  crop  are  to  be  expected,  the  amount 
of  fertilizer  applied  is  also  less.  This  reduction  may  be  estimated  it 
$4  an  acre.  The  harvesting  and  hauling  expense  would  be  reduced 
about  $1.50.  Thus  the  cost  of  the  stubble  crop  per  acre  would  be 
about  $53.38— ($18.38+$4+$1.50)+$3.50=$33. 

For  the  second-year  stubble  crop,  with  a  further  reduction  of  $2 
in  the  fertilizer,  harvesting,  and  hauling  expenses,  the  cost  would  be 
about  $31  per  acre. 

If  we  assume  that  $54  per  acre  is  the  cost  of  producing  the  first  or 
plant-cane  crop  and  delivering  it  at  the  mill,  and  if  we  further  as- 
sume a  yield  per  acre  of  22  tons  of  cane  and  from  it  15  barrels  (equal 
to  495  gallons)  of  sirup,  the  computed  cost  of  producing  the  cane  and 
delivering  it  at  the  mill  will  be — 

Per  ton  of  cane $2.45 

Per  barrel  of  sirup 3,60 

Per  gallon  of  Rlrup .11 

Similarly,  if  we  assume  that  $33  per  acre  is  the  cost  of  producing 
the  first-year  stubble-cane  crop,  and  if  we  further  assxune  a  yield 
per  acre  of  15  tons  of  cane  and  from  it  10  barrels  (equal  to  330  gal- 
lons) of  sirup,  the  computed  cost  of  producing  this  crop  of  cane  and 
delivering  it  at  the  mill  will  be — 

Per  ton  of  cane $2.20 

Per  barrel  of  sirup i 3.30 

Per  gallon  of  sirup .  10 

Again,  assuming  that  the  cost  per  acre  of  the  second-year  stubble 
crop  is  $31,  as  above,  and  assuming  a  yield  of  11  tons  of  cane  and 
from  it  7.3  barrels  (equal  to  240  gallons)  of  sirup,  the  computed 
cost  of  the  second  stubble  crop  delivered  at  the  mill  will  be — 

Per  ton  of  cane . $2.82 

Per  barrel  of  sirup 4.25 

Per  gallon  of  sirup .  12 

The  assumptions  as  to  the  cost  of  production  and  yields  made  in 
the  above  calculations  are  based  on  good  land  under  good  manage- 
ment. In  actual  practice,  the  yields  average  considerably  lower  with- 
out a  proportional  decrease  in  the  expense  per  acre.    It  will  be  noted 
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that  under  the  above  assumptions  the  first-year  stubble  crop  is  pro- 
duced more  economically  and  the  second-year  stubble  crop  less  eco- 
nomically per  unit  of  the  product  than  the  plant-cane  crop. 

COST  OF  MANUFACTURING  THE  SIRUP. 

Without  going  into  details  in  this  bulletin  with  respect  to  the 
manufacture  of  sirup,  it  must  suffice  here  to  give. merely  a  summary 
of  the  manufacturing  expenses,  under  two  sets  of  conditions,  viz: 

(1)  With  the  small  farm  outfit,  which  includes  a  mill  driven  by  a 
gasoline  or  kerosene  engine  and  an  evaporator  of  the  Cook  type ;  and 

(2)  with  the  larger  steam  outfit,  suitable  for  large  farms.  With  the 
smaller  of  these  two  outfits,  costing,  as  indicated  under  "Equipment 
and  capital  invested"  (p.  34),  about  $600,  the  annual  allowance  for 
interest  on  investment,  repairs,  and  deterioration  should  be  about 
22  per  cent  of  the  original  cost.  With  the  larger  or  steam  outfit, 
assumed  to  cost  $5,000,  about  17  per  cent  should  be  allowed. 

With  the  smaller  outfit  a  capacity  of  about  6  barrels  of  sirup  per 
day  of  12  hours  may  be  assumed.  Assuming  a  grinding  period  of 
24  days  each  year,  the  amount  chargeable  to  each  day  of  operat- 
ing for  interest  on  investment,  repairs,  and  deterioration  will  be 
$600X0.2^-^^24,  or  $5.50.  To  operate  such  an  outfit,  putting  the 
sirup  into  barrels,  not  cans,  a  crew  of  four  men  is  required,  with 
wages  totaling  about  $4  a  day. 

Summarizing  these  and  other  items,  the  estimated  cost  per  day  to 
operate  this  plant  will  be  as  follows : 

Interest  on  investment,  repairs,  and  deterioration $5. 50 

Wages  of  crew  of  4  men 4.00 

Gasoline,  9  gaUons  at  20  cents— - ^^. . ^ 1.80 

Fuel  (good-quality  wood)  for  boiling,  2  cords  at  $1.50 3.00 

Six  empty  barrels  at  $1.25 7.50 

Total  manufacturing  expense: 

Per  day,   producing  6  barrels   of  sirup 21.80 

Per  barrel : 3.  63 

Per  gallon .  ll 

With  the  large  steam  outfit,  assumed  to  cost  $5,000  and  to  have 
a  capacity  of  40  barrels  a  day,  running  24  hours  a  day  on  a  double 
shift,  with  a  crew  of  8  men  oil  each  shift  operating  24  days  in  the 
year,  the  daily  expenses  would  be  about  as  follows : 

Interest  on  investment,  repairs,  and  deterioration   ($5,000 

XO.17-^24)    ._.. $35.42 

Wages  of  two  crews  of  8  men  each 22. 00 

Fuel  (second-quality  wood,  but  a  long  hau*),  15  cords,  at 
$1.50 22.  50 

Forty  empty  barrels  at  $1.25 50.00 

Total  manufacturing  expense: 

Per  day,  producing  40  barrels  of  sirup 129. 92 

Per  barrel   3.25 

Per  gallon .  10 
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Comparing  the  figures  for  the  two  outfits  the  following  will  be 
noted: 

(1)  The  charges  for  interest,  repairs,  and  deterioration  are  higher  per  barrd 
capacity  in  the  large  factory,  because  of  the  relatively  larger  amount  InTested. 

(2)  The  labor  employed  is  of  a  more  expensive  character  in  the  large  fac- 
tory.   The  total  outlay  for  labor,  howev^,  is  less  per  unit  capacity. 

(3)  A  lower  grade  of  wood  can  be  used  in  the  steam  plant  Howerer,  tke 
larger  quantity  needed  necessitates  hauling  it  for  longer  distances,  thus  makioi: 
the  cost  per  cord  about  the  same.  The  total  expense  for  fu^  in  the  steuo 
plant  is  considerably  less  per  unit  capacity  than  that  of  wood  and  gasolifie 
combined  in  the  small  outfit. 

(4)  Upon  the  whole,  the  large  steam  plant,  operating  night  and  day,  pro- 
duces sirup  at  a  cost  of  about  38  cents  per  barrel  (or  1  cent  per  gaUon)  less  thin 
the  small  outfit,  operating  only  12  hours  a  day. 

If  the  steam  plant  were  operated  only  12  hours  a  day  the  daily 
fuel  consumption  would  be  more  than  half  and  the  daily  sirup 
capacity  would  be  less  than  half  the  estimates  given,  so  that  the 
large  steam  plant  would  be  operated  at  an  expense  per  barrel  fully 
as  high  as  that  of  the  small  outfit.  An  advantage,  however,  of  the 
large  outfit  not  shown  in  the  operating  costs  is  the  fact  that  the  mill 
would  be  more  powerful,  resulting  in  a  higher  extraction  of  juice 
from  the  cane,  equal  to  about  4  or  5  per  cent  of  the  weight  of  the 
cane,  thereby  increasing  the  sirup  yield  from  5  to  7  per  c^it.  Ib 
this  increased  yield  appears  to  be  the  principal  advantage  of  the  big 
steam  plant  over  the  small  outfit  when  both  are  run  intermittently 
12  hours  a  day. 

VALUE  OF  PRODUCTS  AND  PROFITS. 

Under  the  preceding  two  headings  calculations  were  made  upon  the 
cost  of  production  of  the  cane  crop  and  of  the  sirup  therefrom,  basing 
the  calculations  mainly  upon  the  experience  in  actual  practice  of 
well-informed  farmers  of  southern  Georgia  and  applying  to  a  well- 
managed  farm  in  that  locality  having  good  soil.  In  Table  II  are 
brought  together  the  figures  thus  obtained,  together  with  the  calcu- 
lated total  cost  of  the  finished  sirup  per  acre,  per  barrel,  and  per 
gallon.  The  total  cost  is  obtained  by  adding  the  cost  of  the  cane. 
the  expense  of  manufacture,  and  an  allowance  of  1  cent  per  gaUoc 
as  the  expense  of  marketing  the  sirup  in  bulk.  For  the  expense  of 
manufacture,  the  figures  applying  to  the  small  outfit  under  the  pre- 
ceding heading,  viz,  $3.63  per  barrel  (or  11  cents  per  gallon),  are 
used.  Assuming  a  yield  of  22  gallons  (two-thirds  of  a  barrel)  of 
sirup  per  ton  of  cane,  the  cost  per  ton  for  making  the  cane  into  simp 
is  calculated  at  two-thirds  of  $3.63,  or  $2.42. 
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Table  II. — Summary  of  assumrcd  yields  of  cane  and  cost  of  sirup  production. 


Computation  based  on 
tonnage  yield  of  cane 
per  acre. 

Computation  based  on  sirup  production  from  an 
acre  of  cane. 

Cane  crop. 

Yield. 

Cost  of— 

Yield. 

C^tof— 

Yield. 

Cost  of— 

Cane  at 

mill, 
per  ton. 

Sirup 
from 
ton  of 
cane. 

Cane  at 

mill, 

per 

barrel 

ofsirup. 

Sirup, 

per 
barrel. 

Cane  at 

miU, 

per 

saUon 

ofsirup. 

Sirup, 
«SSon. 

Pi^uit  caiM^ 

Toiu. 
22 
16 
11 

S2.45 
2.20 
2.80 

$5.09 
4.84 
5.44 

Barrelt. 
15 
10 

$3.60 
3.30 

$7.56 
7.26 
&21 

Gallons. 
495 
330 
240 

Cent9. 
11 
10 
12 

Cenu, 
23 

First-year  stubble 

22 

Second-year  stubble 

7.3  i      4.25' 

24 

The  varying  degrees  of  remuneration  or  profit  per  acre  which  will 
accrue  to  the  manager  (who  is  ordinarily  the  owner)  in  return  for 
his  time,  at  different  prices  for  sirup,  are  shown  in  Table  III. 

ThJKLE,  III. — Remuneration  or  profit  per  acre  to  the  manager  or  owner. 


Crop. 


Profit  per  acre  when  the  price  of  sirup 
per  gallon  is— 


23  cents.    25  cents.    30  cents.    40  cents. 


Plant  cane 0 

First-year  stubble $3. 30 

Second-year  stubble » -2. 40 


$84.15 
59.40 
38.40 


1  No  remuneration;  crop  produced  at  a  loss. 

Table  III  shows  that  under  the  favorable  conditions  assumed  in 
these  calculations  and  with  normal  seasonal  conditions  the  price  for 
sirup  in  bulk  must  be  above  23  cents  a  gallon  to  afford  any  remunera- 
tion or  profit  to  the  owner  or  manager.  In  actual  practice  the  condi- 
tions average  less  favorably,  as  is  shown  by  the  fact  that  the  average 
yields  of  cane,  as  given  in  census  reports,  are  far  below  the  above- 
assumed  normals.  This  may  be  due  to  a  variety  of  causes,  such  as 
poor  soil,  unfavorable  seasonal  conditions,  and  poor  management. 

It  is  not  assumed  that  the  conditions  shown  by  the  calculations 
here  used  fit  the  case  of  other  farmers  without  some  modifications, 
or  even  of  the  same  farmers  for  other  years.  The  figures,  how- 
ever, have  here  been  set  forth  in  such  detail  that  it  should  be  easy  for 
any  farmer  to  make  a  similar  calculation  as  to  the  cost  of  produc- 
tion on  his  farm.  He  may  have  more  expensive  land  and  will  have 
to  compute  higher  rental ;  he  may  be  able  to  get  along  with  less  fer- 
tilizer; he  may  be  able  to  use  his  labor  more  efficiently  with  better 
implem^its  or  otherwise;  he  may  get  smaller  yields  or  perchance 
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larger  ones,  etc.  He  can  substitute  figures  fitting  his  conditions  and 
compute  the  cost  to  him  of  the  production  of  the  cane  or  the  sirup. 
Thus  the  Florida  farmer  previously  mentioned  who  estimated  the 
cost  of  the  plant-cane  crop  at  $69  an  acre  will  find  that  his  sirup 
from  this  crop  costs  him  $8.56  per  barrel  (or  26  cents  per  gallon)  if 
the  yield  and  the  manufacturing  expense  are  the  same.  In  the  case 
of  the  second  illustration  of  the  cost  of  cane  production,  if  the  farmer 
could  by  a  different  rotation,  plowing  under  a  leguminous  crop  or 
otherwise,  reduce  his  fertilizer  bill  by  half  without  reducing  his 
yields,  it  would  increase  his  profit  per  acre  $10,  reducing  the  cost  of 
sirup  by  67  cents  per  barrel,  or  2  cents  per  gallon.  The  fuel  item  i> 
bound  to  increase  as  timber  gets  scarcer  unless  means  are  provided 
for  using  a  cheaper  grade  of  fuel  (dead  and  down  timber,  slab  wdod. 
or  coal  if  near  the  railway).  If  varieties  or  methods  of  treatment 
could  be  discovered  that  would  enable  the  farmer  to  increase  the 
yields  of  his  stubble  crops  or  allow  him  to  take  off  more  stubble 
crops  with  high  yields  before  replanting,  the  profits  per  acre  would 
be  greatly  increased.  Table  II  shows  that  the  higher  the  price 
of  sirup  the  greater  is  the  advantage  in  profit  per  acre  of  the  plant- 
cane  crop  over  the  stubble  crops,  provided  our  assumption  that  the 
yield  of  the  first-year  stubble  crop  is  only  two-thirds  and  the  second- 
year  stubble  crop  only  half  that  of  the  plant-cane  crop  corresponds 
to  the  facts. 

The  price  of  sirup  in  the  general  market  in  recent  years  has  ranged 
from  28  to  35  cents  per  gallon.  In  the  fall  of  1914  the  price  was  ab- 
normally low,  leading  many  farmers  to  go  out  of  the  business  or  to 
reduce  their  acreage.  In  the  fall  of  1915  it  took  a  sharp  upward 
trend,  reaching  40  cents,  or  even  more.  This  was  when  sugar  also 
was  abnormally  high,  but  it  was  due  mainly  to  the  abnormally  short 
crop.  This  shortage  in  turn  was  due  to  two  causes:  (1)  Severe 
droughts  in  the  principal  sirup-producing  sections  and  (2)  a  small 
acreage,  which,  in  its  turn,  was  due  to  low  prices  the  previous  year 
and  to  much  spoilage  of  seed  cane  reserved  for  planting.  In  many 
sections  the  local  demand  for  sirup  exceeds  the  supply.  In  such 
cases  the  sirup  producers  usually  get  a  much  better  price,  viz,  from 
35  to  50  cents  a  gallon — even  higher  if  they  have  the  reputation  of 
making  a  product  of  extra  good  quality. 

By  present  practices  the  farmer's  income  from  the  sugar-cane  simp 
industry  is  confined  almost  exclusively  to  the  sales  of  the  cane  or  the 
sirup  therefrom.  It  is  but  natural  that  he  thinks  of  higher  prices  for 
the  product  as  the  main  hope,  if  not  the  only  chance,  of  increasing 
his  profits.  As  the  price  of  the  product,  however,  may  be  beyond  his 
control,  he  is  forced  to  turn  to  the  cost  of  production  and  to  the  in- 
dividual factors  contributing  thereto  for  possible  opportunities  to 
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increase  the  profits.  There  is  yet  another  phase  of  the  industry  that 
merits  consideration  while  striving  to  increase  profits,  viz,  the  utiliza- 
tion of  by-products. 

UTILIZATION  OF  BY-PRODUCTS. 

There  are  three  by-products:  (1)  The  leaves  and  tops,  (2)  the 
bagasse  (pomace,  or  mash),  and  (3)  the  skimmings,  all  three  of 
which  are  almost  completely  wasted  under  present  practices. 

The  leaves  and  tops,  removed  from  the  cane  at  harvesting,  are 
usually  allowed  to  remain  in  the  field  until  they  become  dry  and  are 
then  burned.  The  production  of  tops  per  acre,  if  weighed  fresh,  is 
3  to  4  tons.  To  a  small  extent  they  afford  pasturage  to  stock,  but 
as  a  rule  they  soon  become  weathered  and  worthless  for  feed.  Some 
attempts  have  been  made  at  curing  the  tops  to  feed  in  the  winter. 


Fig.  18. — A  sflo  in  Louisiana  built^specially  for  sugar-cane  tops. 

but  the  weather  conditions  are  usually  unfavorable  unless  the  farmer 
has  shelter  in  which  to  cure  them.  A  more  hopeful  method  of  pre- 
serving them  is  by  making  ensilage  of  them.  (Fig.  18.)  At  the 
experiment  field  at  Cairo,  Ga.,  experiments  were  conducted  during 
the  last  two  years  which  indicate  that  siloing  for  feed  is  an  excellent 
way  to  utilize  the  tops.  The  cattle  took  the  silage  readily  and 
thrived  on  it.  The  chemical  analysis  showed  it  to  be  but  little  in- 
ferior to  silage  from  whole  com  in  nutritive  value.  .  A  characteristic 
sample  upon  analysis  gave  percentages  as  follows:  Moisture,  75; 
ash,  1.71;  crude  protein,  1.93;  crude  fiber,  9.23;  ether  extract,  0.47; 
nitrogen-free  extract,  11.66.  The  acidity,  normal  alkali  per  kilo, 
was  124  c.  c.  The  shortage  of  available  roughage  for  winter  feeding 
in  the  cane-sirup  sections  makes  this  silage  more  valuable  than  its 
chemical  composition  would  indicate.  To  assure  good  silage  from 
the  cane  tops  the  silo  should  be  filled  before  the  cane  is  frosted.    In 
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filling  it,  as  in  filling  with  other  forage,  it  is  essential  to  tramp  it  in 
.  the  silo  very  thoroughly,  not  only  in  the  middle  but  near  the  walk 
as  well.    The  importance  of  thus  compacting  it  is  not  generally 
appreciated  by  those  not  familiar  with  making  ensilage. 

From  these  experiments  it  is  evident  that  the  main  question  with 
the  farmer  in  this  method  of  utilizing  the  tops  is  no  longer  whether 
it  makes  good  feed,  but  rather  whether  he  has  the  labor  and  teams 
available  at  the  time  to  collect  and  haul  the  tops  and  to  fill  the  sila 
It  was  found  in  these  experiments  to  require  only  an  insignificant 
amount  of  extra  time  on  the  part  of  the  toppers  to  throw  the  tops 
into  heaps,  8  to  10  feet  apart,  while  they  top  the  cane.  The  work  of 
collecting  the  tops  and  filling  the  silo  is  therefore  the  main  consider- 
ation. Important  additional  value  comes  from  the  manure  resulting 
from  feeding  these  tops.    In  these  same  localities,  where  the  systems 


Fio.  19. — ^A  pile  of  bagasse,  or  pomace,  after  sirnp-making  time. 

of  farming  in  vogue  tend  so  strongly  to  deplete  the  soil  of  its  humus 
content,  the  manure  has  unusually  high  value. 

The  bagasse,  or  pomace,  accumulates  in  vast  heaps  at  the  sirup 
mills  and  at  present  finds  but  little  use.  (Fig.  19.)  Some  farmers 
even  go  to  the  expense  of  hauling  it  off  to  waste  woodland  areas  with- 
out getting  any  use  from  it.  These  small  mills  effect  too  incomplete 
an  extraction  of  the  juice  to  admit  of  using  the  bagasse  as  fuel,  as  is 
done  in  the  big  sugar  factories.  The  most  profitable  disposition  of 
it  now  being  made  is  to  use  it  in  large  quantities  as  litter  to  mix  with 
the  barnyard  manure,  and  when  rotted  for  about  a  year  in  this  form, 
to  apply  it  to  sweet-potato  land  or  to  land  for  some  other  crop  not 
injured  by  fresh  applications  of  manure.  As  a  result  of  the  low  ex- 
traction of  the  juice  by  small  horsepower  or  gasoline- power  ftum 
mills,  which  recover  only  50  to  60  per  cent  of  the  88  to  90  per  cent  of 
juice  present,  the  bagasse  has  a  feeding  value  while  fresh  that  is  not 
insignificant,  especially  where  roughage  is  at  a  premimn.  Whil^ 
fresh,  stock  will  eat  it  readily,  but  it  soon  sours  when  exposed.    K  it 
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were  dried  without  loss,  its  chemical  composition  should  indicate  a 
feeding  value  about  equal  to  that  of  oat  straw.  Drying  it  artificially 
is  undoubtedly  too  expensive  for  such  a  low-grade  product.  Making 
ensilage  of  it  is  suggested,  but  it  yet  remains  to  be  determined 
whether  the  slight  unavoidable  fermentation  in  the  silo  would  too 
nearly  exhaust  it  of  its  remaining  nutrients  to  make  a  palatable  en- 
silage. In  a  single  test  made  at  the  experiment  field  at  Cairo,  Oa., 
the  results  were  encouraging,  but  the  product  was  abnormally  sour, 
probably  owing  to  insufficient  tramping  and  to  the  fact  that  the  cane 
was  badly  frostbitten  before  grinding.  Fermentation  had  proceeded 
so  far  that  the  bagasse  was  thoroughly  infected  with  the  acid-forming 
microorganisms  before  it  was  put  into  the  silo.  For  making  ensilage 
the  bagasse  has  the  advantage  that  it  would  involve  practically  no 
extra  expense  for  collecting  and  hauling,  assuming  that  the  silo  is  not 
far  from  the  mill.  To  pack  well  in  the  silo,  some  water  must  be  sup- 
plied while  filling.  If  no  better  use  can  be  made  of  the  bagasse,  it 
should  be  heaped  in  a  manner  to  facilitate  rotting,  and  after  one  or 
two  years,  when  sufficiently  rotted,  applied  to  land  where  humus  is 
needed. 

The  skimmings  on  most  farms  are  wasted.  Some  sirup  makers 
allow  them  to  settle  over  night,  or  for  a  half  day,  then  draw  oflf  the 
clear,  slightly  sour  juice  between  the  sediment  and  the  floating  scum 
and  boil  it  back  into  the  sirup.  There  is  danger  of  injuring  the 
flavor  of  the^irup  by  this  practice,  especially  if  the  containers  for  the 
skimmings  are  not  kept  thoroughly  clean  or  sterilized.  It  was  found 
in  the  experiments  at  Cairo,  Ga.,  that  sheet-iron  vessels,  e.  g.,  ash 
c^ns,  if  used  to  collect  skimmings,  can  readily  be  rinsed  out  each 
morning  sufficiently  clean  so  that  fermentation  would  start  but 
slowly  after  refilling  with  skimmings.  It  was  thus  possible  to  hold 
the  skimmings,  even  in  moderately  warm  weather,  as  long  as  24 
hours  without  serious  souring,  thus  affording  ample  time  to  effect 
^ood  settling.  By  providing  suitable  tap  holes  about  IJ  inches  from 
the  bottom  of  each  such  container,  the  clear  juice  from  the  preceding 
day's  boiling  could  each  morning  be  drawn  off  and  boiled  with  fresh 
juice  to  make  sirup.  Wooden  containers  can  not  be  cleaned  so  satis- 
factorily and  in  them  fermentation  starts  more  rapidly.  Some 
farmers  feed  all  the  skimmings  while  fresh  to  hogs,  which  is  a  good 
way  of  utilizing  them  where  feasible,  but  less  profitable  than  to  save 
the  cleared  pK)rtion  for  sirup  making.  One  farmer  near  Cairo,  Ga., 
utilizes  them  by  boiling  them  down  to  a  thick,  molasseslike  feed, 
which  keeps  indefinitely  and  is  greatly  relished  by  his  stock  at  any 
time  of  year.  Where  a  silo  is  being  filled  while  boiling  sirup,  a  good 
utilization  of  the  skimmings  might  be  to  work  them  in  with  the 
silage  while  fresh. 
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INTRODUCTION. 

A  study  of  types  and  breeds  of  horses  is  considered  an  essential 
part  of  the  general  course  in  animal  husbandry  in  secondary  schools. 
Considerable  attention  and  interest  are  centered  around  the  scoring 
and  judging  of  horses  in  connection  with  the  study.  It  is  the  aim  of 
this  bulletin  to  give  such  specific  instructions  as  will  aid  in  making 
this  work  more  practical. 

The  subject  matter  which  follows  is  not  original.  Treading  authori- 
ties have  been  consulted  freely. 

TEACHING  THE  JUDGING  OF  HORSES. 

Value  and  place  of  the  subject  in  the  rurrUnilum, — Practical  work 
in  stock  judging  has  done  much  to  arouse  interest  and  enthusiasm 
in  animal  husbandry  on  the  part  of  the  student.  It  has  also  done  a 
great  deal  toward  allaying  prejudice  and  developing  sympathy 
among  those  who  looked  upon  the  teaching  of  agriculture  as  "  book 
farming."  Judging  horses  in  connection  with  a  study  of  types  and 
breeds  is  an  essential  foundation  work  for  a  study  of  breeding, 
feeding,  training,  and  general  management  of  horses  which  should 
follow  in  the  course. 


»  Prepared  under  the  direction  of  C.  H.  Lane,  Chief  Specialist  In  Agricultural  Education. 
Note. — This  bulletin  is  intended  for  the  use  of  teachers  of  secondary  agrlculturp. 
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It  is  not  likely  that  all  members  of  any  class  will  develop  into 
experts  in  horse  judging.  Only  a  comparative  few  may  have  the 
inherited  talents,  which  with  years  of  training  will  rank  them  as 
masters  in  the  prize  ring.  It  is  not  the  aim  of  the  high-school  course 
to  develop  specialists.  It  should  strive,  however,  to  give  such  in- 
struction as  will  create  a  greater  interest  in  the  subject  and  such 
training  as  may  be  applied  with  profit  in  buying  and  selling  horses 
for  the  farm. 

Common  method  of  training. — Boys  who  have  an  inborn  love  for 
and  interest  in  horses  take  notice  of  each  horse  they  see,  intuitively 
making  comparisons  and  estimates  of  values.  Such  boys  are  fortu- 
nate indeed  if  they  have  the  privilege  of  associating  with  men  who 
know  horses  well,  and  the  opportunity  of  attending  fairs  and  visit- 
ing other  places  where  good  individuals  may  be  seen,  Careful  obser- 
vation with  large  numbers  has  resulted  in  remarkable  ability  on  the 
part  of  some  of  these  enthusiasts,  which  has  been  of  great  value  in 
making  comparisons  in  the  show  ring  and  in  estimating  values  at 
sales.  School  work  in  judging  will  not  take  the  place  of  general  ob- 
servation and  constant  practice^  but  should  supplement  it  and  inspire 
it  in  the  case  of  those  who  may  lack  interest. 

CIa.'isroo?ti  inHtrurtion  r.  i^^actice, — Although  stock  judging  is 
essentially  an  art  to  be  learned  by  practice,  under  supervision,  it  is 
based  upon  scientific  principles  which  should  be  given  careful  study. 
A  discussion  of  the  principles  underlying  the  judging  of  draft  horses 
should  be  taken  up  in  the  classroom  before  practical  judging  begins. 
The  ideals  of  to-day  are  the  t^T^es  of  to-morrow,  hence  the  importance 
of  establishing  in  the  minds  of  future  judges  soiind  ideals  based  wpon 
scientific  principles.  A  discussion  of  principles  and  points  arising  in 
practice  may  be  profitable  in  the  presence  of  the  animal  judged,  but 
as  a  matter  of  convenience  such  discussion  is  often  deferred  until  the 
next  classroom  meeting. 

Use  of  illustrative  material. — The  teacher  should  keep  in  mind 
that  the  student  learns  largely  through  what  he  sees.  In  establishing 
ideals  of  animal  types  nothing  has  value  equal  to  living  specimens 
which  approach  perfection.  Inasmuch  as  horses  which  approach 
ideal  types  are  not  common  nor  convenient  to  keep  before  the 
students,  the  teacher  should  make  use  of  an  abundance  of  illustrative 
material.  Pictures  of  prize  winners  appear  from  time  to  time  in  all 
good  live-stock  journals.  (Fig.  1.)  If  files  are  not  kept  of  these 
papers  the  good  pictures  should  be  clipped  and  mounted  upon  cards 
for  classroom  use.  A  projection  lantern  with  an  opaque  attachment 
will  be  found  invaluable  in  this  work.^ 

1  Lantern  slides  Illustrating  types  and  breeds  of  horses,  inclading  the  Ulustratlons  of 
this  bulletin,  may  be  obtained  from  the  oflBce  of  Asrricultural  Instruction  of  the  States 
Relations  Service.  Charts  and  stencils  for  use  on  blackboards  may  be  made  by  tracing 
the  outline  of  a  diagram  thrown  on  paper  by  a  lantern. 
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CLASSROOM  DISCUSSION. 

The  horse  as  a  machine, — All  farm  animals  may  be  considered  as 
machines  which  have  definite  work  to  do.  We  may  look  upon  the 
horse  as  a  mechanism  which  converts  raw  material  in  the  form  of 
forage  and  grain  into  work.  In  other  words,  the  latent  energy  in 
the  food  is  made  to  do  work  by  means  of  the  living  mechanism  we 
call  a  horse.  A  machine  has  value  according  to  its  efficiency  in  doing 
work.     Before  we  can  estimate  the  efficiency   of  this  particular 


Fio.  1. — A  good  draft  horse. 

machine  we  must  know  something  about  its  structure  in  relation  to 
the  work  it  has  to  do. 

Anatomy  as  a  basis  for  study, — We  may  consider  the  horse  as  a 
mechanism  in  which  latent  energy  in  food  is  made  active  in  muscles 
which  work  upon  bones  as  levers,  the  operation  being  stimulated  and 
controlled  by  the  nervous  system.  It  may  be  necessary  to  review  at 
this  time  the  fundamentals  of  physiology  which  have  to  do  with  the 
use  of  food.  Charts  showing  the  skeleton  of  a  horse  and  the  relation 
of  muscles  to  bones  will  prove  almost  indispensable  in  giving  a  clear 
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understanding  of  the  anatomy  of  the  horse.  (Fig.  2.)  The  different 
classes  of  levers  should  be  demonstrated  to  the  class,  after  which  the 
students  may  point  out  the  application  of  the  physical  principles  in- 
volved in  the  movements  of  the  horse.  It  is  important  to  consider 
the  relative  lengths  of  bones  and  muscles  in  their  relation  to  strength 
and  the  transmission  of  power.  The  manner  of  attachment  of  muscles 
to  bones  should  be  emphasized  also  in  relation  to  its  effect  upon  the 


Fro.  2. — Skeleton  of  horse  with  outline  of  contour  of  body.  (From  Sisson,  The  Anatf»iny 
of  the  Domestic  Animals.)  Ill,  Atlas;  711,  seventh  cervical  vertebra;  1 R,  first 
thoracic  vertelira ;  17  R,  seventeenth  thoracic  vertebra  ;  1 L,  first  lambar  vertebra ; 
0  L,  sixth  lumbar  vertebra  ;  K,  sacrum;  IS,  first  coccygeal  vertebra;  16  S,  sixteenth 
coccygeal  vertebra  ;  6  R,  sixth  rib ;  6  K,  costal  cartilage :  1,  scapula ;  1%  cartilage  of 
scapula  :  2,  spine  of  scapula ;  4,  humerus ;  5,  lateral  tuberosity  of  humerus ;  6,  deltoid 
tuljerosity  ;  7,  shaft  of  ulna  ;  8,  olecranon  ;  9,  radius ;  10,  carpus ;  11,  accessory  cariial 
bone;  12,  metacarpus;  13,  digit;  14,  sternum;  14",  xiphoid  cartilage;  15,  iliam ; 
IG,  16,  angles  of  ilium;  17,  Ischium;  18,  femur  (shaft);  10,  trochanter  major;  StO, 
patella  ;  21,  tibia  (shaft)  ;  21',  lateral  condyle  of  tibia  ;  22,  tarsus;  23,  fibula;  24,  tuber 
calsis ;  2.'),  metatarsus;  20,  digit;  27,  trochanter  minor  of  femur;  28,  trochanter  tertius 
of  femur. 
(After  Ellen berger-Baum,   Anat.   fiir  Kunstler.) 

power  to  do  work.  Throughout  the  discussion  a  comparison  of  the 
structure  underlying  speed  should  be  made  with  that  form  associated 
with  strength.  The  charts  should  aid  the  students  in  understanding" 
the  extent  to  which  the  form  of  a  horse  depends  upon  the  skeleton  and 
to  what  extent  the  muscles  contribute  to  form.  The  structure  of 
bones  and  muscles  do  not  determine  altogether  the  working  of  the 
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Fio.  8.— Draft  horse  (upper)  contrasted  with  light-haniess  horse  (lower). 
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machine.  Much  depends  upon  the  nervous  organization  of  the 
animal.  The  relation  of  this  organization  to  temperament  may  be 
made  clear  at  this  time. 

Classif cation  of  horse 8,-^li\ie,  breeds  of  horses  may  be  grouped 
according  to  the  work  required  of  them.  Such  a  classification  gives 
us  light-harness  horses,  heavy  harness  or  coach  horses,  saddle  horses, 
draft  horses,  and  ponies.^ 

Other  classifications  may  be  used  in  the  show  ring  and  'market. 
WTiile  smaller  horses  mav  be  used  on  the  farm  and  for  other  work 


Fig.  4. — Regions  of  the  horse:  1,  Muzzle;  2,  lips;  3,  nostril;  4,  face;  5,  eye;  6,  fore- 
head: 7,  foretop ;  8,  earn;  9,  poll;  10,  Jaw;  11,  throaUatch ;  12,  neck;  IS,  crest; 
14,  wit  hers;  15,  shoulder;  16,  breast;  17,  point  of  shoulder;  18,  arm;  19,  elbow; 
20,  foro  flank;  21,  forearm;  22,  knee;  23.  cannon:  24,  fetlock  Joint;  25.  pastern; 
20,  coronet :  27,  feet ;  28,  seat  of  side  bone ;  29,  seat  of  splint ;  30,  chestnut :  81, 
abdomen  ;  32,  ribs ;  33,  buck  ;  34,  loin ;  35,  point  of  hip ;  86,  coupling ;  87,  bind  flank ; 
38,  sheath  ;  39,  stifle  joint ;  40,  seat  of  thoropln  ;  41,  seat  of  bog  spavin ;  42,  scat  of 
Ijone  spavin  ;  43,  seat  of  ring  bone ;  44,  seat  of  curb ;  45,  bock ;  46,  gaskin ;  47,  tblgb; 
48,  quarter  ;  49,  group  ;  50,  point  of  buttock  ;  51,  tail. 

which  re(iuires  heavy  pulling,  an  animal  is  not  considered  a  draft 
horse  unless  it  weighs  over  1,500  pounds.  (Fig.  3.) 

^  The  draft  horse  is  chosen  as  a  type  to  Illustrate  methods  of  teaching  because  of  Its 
importance  in  connection  with  farming.  As  the  light-harness  horse  is  also  Important 
in  all  rural  communities,  a  score  card  and  descriptive  matter  pertaining  to  that  type 
is  given.  Methods  of  teaching  are  much  the  same  for  all  types  of  horses.  In  some 
districts  the  heavy  harness  and  saddle  horses  may  be  important  enough  to  give  special 
consideration.  Score  cards  and  descriptive  matter  pertaining  to  these  type»-wUl  be 
found  in  the  general  references  given. 
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The  7ru>dem  draft  horse. — The  modem  draft  horse  is  the  result  of 
a  demand  for  great  power  in  hauling  heavy  loads.  This  power  is  as- 
sociated with  weight  and  has  been  gained  at  a  sacrifice  of  speed. 
While  the  breeding  of  draft  horses  is  increasing  in  the  United  States* 
this  country  has  received  all  of  its  draft  breeds  from  Europe  and  is 
still  importing  a  great  many  of  its  breeding  animals.  All  of  the  draft 
breeds  have  distinctive  breed  characteristics  which  may  be  considered 
by  the  class  after  a  general  consideration  of  type.  All  draft  breeds 
conform  to  the  type  to  be  considered.^ 

Terms  used  in  judging, — Before  proceeding  with  a  study  of  the 
draft  type,  the  student  should  learn  the  names  of  the  parts  of  a  horse. 
It  is  not  wise  to  assume  that  the  high-school  students  knows  all  the 
terms  used  in  judging.  (Fig.  4.)  An  outline  drawing  may  be  used 
to  designate  the  names  of  the  parts.  If  drawn  upon  the  blackboard 
the  names  of  the  parts  may  be  erased  and  the  students  asked  to  fill 
them  in. 

TJie  score  card. — Some  time  may  be  used  by  the  students  in  the 
classroom  in  becoming  familiar  with  the  score  card  which  they  are  to 
use.  They  should  understand  that  the  score  card  is  a  detailed  de- 
scription of  a  perfect  animal  designed  to  aid  them  in  establishing  an 
ideal.  The  card  will  also  aid  them  in  examining  an  animal  in  a  sys- 
tematic manner  and  give  them  a  sense  of  relative  values  in  judging. 
Many  different  score  cards  for  draft  horses  have  been  devised.  Varia- 
tion in  score  cards  is  likely  to  continue,  as  there  will  always  be  a  dif- 
ference of  opinion  upon  the  relative  value  of  minor  points  and  upon 
forms  of  grouping.  The  f onns  given  here  are  used  by  the  Iowa  State 
College.    Similar  forms  are  used  in  a  number  of  other  schools.* 

Students*  score  card. 

DRAFT  HORSES. 


Scale  of  points  for  gelding. 


Perfect 
score. 


Students 
score. 


Corrected 
score. 


1.  Age. 

General  appearance— 16  points: 

2.  Hefcht 

3.  Weight,  over  1,760  pounds.    Score  according  to  age 

4.  Form,  broad,  massive,  low  set,  proportkmedf 

5.  Quality,  bone  clean,  yet  Indicating  sufficient  substance;  tendons 

distinct,  skin  and  hair  fine 

6.  Temperament,  energetic,  good  disposition 

Head  and  neck— 6  points: 

7.  Head,  lean,  medium  site 

&  If uzxle,  fine,  nostrils  large;  lips  thin,  even 

9.  Eyes,  full,  bright,  clear,  large 

10.  Forehead,  broad,  full 

11.  Ears,  medium  sixe,  well  carried 

12.  Neck,  muscled;  crest  high;  throat  latch  fine;  windpipe  large 


*  For  a  description  of  breeds  see  Breeds  of  Draft  Horses,  U.  S.  Dept.  Agr.,  Farmers' 
Btil.619  (1914). 

s  Score  cards  may  be  obtained  from  most  of  the  State  agricultural  coUeges. 
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f^tudents*  score  card — CoDtinue<1. 
DRAFT  HORSEfl — Continaed. 


Scale  of  points  for  gelding. 


Forequartan— 25  points: 

13.  Shoulders,  stopfng,  smooth,  snug,  extending  into  back . 

14.  Arm,  short,  thrown  forward 

15.  Foreann,heaTi]y  muscled,  long,  wide.. 


Perfect 
score. 


10.  Knees,  wide,  clean  cut,  8trai||ht, deep,  strong^  supported.. 


17.  Cannons,  short,  lean,  wide;  sinews  large, 

18.  Fetlocks,  wide,  straight,  strong 

19.  Pasterns,  sloping,  lengthy,  strong 

20.  Feet,  large,  even  sire,  straight;  horn  dense,  dark  color;  sole  concave: 

bars  strong;  frog  large,  elastic;  heel  wide,  hig^,  one-half  length  of 
toe. 

21.  Legs,  viewed  in  front  a  perpendicular  line  from  the  point  of  the 

shoulders  should  fall  upon  the  center  of  the  knee,  cannon,  pas- 
tern, and  foot;  from  the  side,  a  perpendicular  line  dropping  from 
the  center  of  the  elbow  joint  should  fall  upon  the  center  of  the 

knee  and  pastern  joints  and  back  of  hoof 

Body— Opoints: 

22.  Chest,  deep,  wide,  tow;  large  girth 

23.  Ribs,  long,  close,  sprung 

24.  Back,  straight,  short,  broad 

25.  Lofai,  wide,  short,  thick,  straij^t 

26.  Underline,  flank  low 

Hindquarters— 34  points: 

27.  Hips,  smooth,  wide 

28.  Croup,  long,  wide,  muscular 

29.  Tail,  attached  high,  well  carried 

30.  Quarters,  deep,  heavily  muscled 

31.  Oaskins  or  lower  thi^,  wide  muscled 

32.  Hocks,  clean  cut,  wide,  straight 

33.  Cannons,  short,  wide;  sinews  large,  setback 

34.  Fetk>cks,  wide,  straifdit,  strong 

35.  Pasterns,  sloping,  strong,  lengthy 

36.  Feet,  large,  even  slxe,  straight:  horn  dense,  dark  color;  sole  concave; 

bars  strong;  frog  large,  elastic;  heel  wide,  hl^,  one-half  length 
of  toe 

37.  Legs,  viewed  from  behind,  a  perpendicular  line  fron  the  point  of 

the  buttock  should  fall  upon  the  center  of  the  hock,  cannon, 
i>a8tero,  and  foot;  from  the  side,  a  perpendicular  line  from  the 
hip  joint  should  fall  upon  the  center  of  the  foot  and  divide  the 
gaskln  in  the  middle,  and  a  perpendicular  line  from  the  point  of 

the  buttock  should  run  parallel  with  the  line  of  the  cannon 

Action— 10  points: 

38.  Walk,  smooth,  quick,  long,  balanced 

39.  Trot,  rapid,  straight,  regular 


Total. 


Students'  CoirW 
score.    I  ffoR 


100 


LIGHT  HORSES. 


Scale  of  points  for  gelding. 

Perfect 
score. 

Students' 
score. 

General  appearance— 12  points: 



3.  Height 

4.  Form,  symmetrical,  smooth,  stylish 

5.  Quality,  bone  clean,  fine,  yet  indicating  sufBcient  substance;  ten- 

dons defined,  hair  and  skin  fine 

4' 

4 
4 

1 
1 
) 
1 
1 
1 

2 

1 
2 
2 



6.  Temperament,  active,  good  disposition 

Head  and  neck— 6  points: 
7    nm/1    Iaati  Ktrfti?ht 

0    KvAS  full   Virifflit  rl<n.r  lAnra 

10.  Forehead,  broJEtd,  full 

11.  Ears,  medium  size,  pointed,  well  carried,  and  not  far  apart 

12.  Neck,  muscled;  crest  high;  throat  latch  fine;  windpipe  large 

Forequarters— 23  points:                             "* 

13.  Shoulders,  long,  smooth,  with  muscle;  oblique,  extending  into  back 

and  muscled  at  withers 

14.  Arm,  short,  thrown  forward 

1 
1 

15.  Forearm,  muscled,  long,  wide 

16.  Knees,  clean,  wide,  straight,  deep,  strongly  supported 
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Students*  score  card — Continued. 
LIGHT  HORSES^Continued. 


Scale  of  points  for  gelding. 


Forequarters— 23  points— Continued. 

17.  Cannons,  short,  wide;  sinews  large,  set  back 

18.  Fetlocks,  wide,  straight 

1«.  Pasterns,  strong,  angle  with  ground  45' 

90.  Feet,  medium,  even  size,  straight;  horn  dense;  (rog  large,  elastic; 

bars  stronff ;  sole  concave ;  heel  wide,  high 

31.  Lera,  viewed  in  front  a  perpendicular  line  from  the  point  of  the 
snoulders  should  f  al  1  upon  the  center  of  the  knee,  cannon,  pastern, 
andfoot.  From thesfde,  a perpendlcularllnedroppineirom the 
center  of  the  elbow  joint  should  fall  upon  the  center  of  the  knee 

and  pastern  Joints  and  back  of  hoof 

B  ody;-9polnts: 

22.  Chest,  deep,  low,  large  girth 

23.  Ribs,  long,  sprung,  close 

34.  Back,  straight,  short,  broad,  muscled 

25.  Loin,  wide,  short,  thick 

26.  Underline,  long;  flank  let  down 

Hindquarters— 30  points: 

27.  Hips,  smooth,  wide,  level 

28.  Croup,  long,  wide,  muscular 

29.  Taflattadiedhi^,  well  carried 

30.  Thighs,  long,  muscular,  spread,  open  angled 

31.  Quarters,  heavily  muscled,  deep 

32.  Oaskins  or  lower  thighs,  long,  wide,  muscular 

33.  Hocks,  clearly  defined;  wide,  straight 

34.  Cannons,  short,  wide:  sinews  large,  set  back 

36.  Fetlocks,  wide,  straight 

36.  Pasterns,  strodjg,  sloping 

37.  Feet,  medium,  even  size;  straight;  horn  dense;  frog  large,  elastic; 

bars  stronir;  sole  concave;  heel  wide,  high 

88.  Lees,  viewed  from  behind  a  perpendicular  line  from  the  point  of 
the  buttock  should  falluponthecenter  of  the  hock, cannon,  pas- 

Itern^  and  foot.  From  the  side,  a  perpendicularl  Ine  from  the  nip 
oint  should  fall  upon  the  center  or  the  foot  and  divide  the  gaskin 
n  the  middle;  and  a  perpendicular  line  from  the  poiit  of  the  but- 
tock should  run  parallel  with  the  line  of  the  cannon 

A  ctlon— 20  points: 

39.  WaDc,  elastic,  quick,  balanced 

40.  Trot,  rapid,  straight,  regular,  high 

Total : 


Perfect 
score. 


Students';  Corrected 
score.    I    score. 


100 


PRACTICE  JUDGING. 

Preparing  for  a  judging  trip. — Exercises  in  stock  judging,  like 
other  field  trips,  are  often  failures  because  proper  preparation  is  not 
made  for  them.  The  teacher  should  know  beforehand  where  he  is 
going  and  what  he  is  going  to  do.  If  possible,  the  animal  chosen 
for  the  first  lesson  should  approach  the  perfect  draft  type,  as  it  will 
aid  in  fixing  the  ideal  in  the  minds  of  the  students.  Horses  should  be 
selected  which  may  be  easily  handled,  especially  for  the  first  trip. 
Arrangements  should  be  made  with  the  owner  so  that  the  horse  will 
be  ready,  and  in  order  that  there  will  be  no  misunderstanding  ui>on 
taking  the  class  to  his  premises.  It  may  be  possible  to  have  the  horse 
brought  to  the  school ;  if  this  may  be  arranged  it  will  save  a  good  deal 
of  time  for  the  class.  It  is  diflScult  to  judge  a  horse  properly  without 
plenty  of  room.  Wet,  muddy  barnyards  should  be  avoided.  The 
instructor  will  find  it  to  his  advantage  to  go  over  the  animal  he  in- 
tends to  use  in  a  thorough  manner  before  the  class  judges  it.    When 
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comparative  judging  is  practiced  it  is  especially  important  that  the 
teacher  know  the  animals  and  their  relative  merits  well. 

If  students  have  had  no  experience  in  judging  horses  it  will  be  well 
to  use  the  first  judging  period  in  learning  how  to  approach  the  ani- 
mal, in  checking  up  what  they  have  learned  about  naming  the  parts, 
and  in  going  over  the  card  with  the  instructor.  If  the  class  has  been 
studying  light  horses  the  first  period  may  be  spent  in  comparing  a 
draft  animal  with  a  light-harness  horse. 


Fig.  5. — Student  feeling  legs  of  a  horse  to  determlDG  Quality. 

Bow  to  examine  a  horne. — The  horse  should  be  led  out  to  a  well- 
lighted  place  where  there  is  plenty  of  room  for  the  students  to  walk 
all  around  it  at  some  distance.  In  judging  horses  the  eye  is  the  chief 
factor  in  determining  values,  the  hand  being  used  merely  to  assist  the 
eye.  (Fig.  5.)  "Students  will  need  to  use  their  hands  at  first,  espe- 
cially in  determining  quality  as  relating  to  the  coat  and  in  detecting 
unsoundness.  After  some  experience  the  eye  will  reveal  much  that 
required  the  use  of  the  hand  at  first.  The  value  of  accurate  first  im- 
pressions should  be  emphasized.    If  the  student  has  an  ideal  draft 
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horse  in  mind  he  will  be  impressed  at  once  as  to  whether  the  animal 
before  him  conforms  to  that  type  or  not.  His  first  impression  will 
determine  largely  his  judgment  as  to  the  score  given  under  general 
appearance.  Whether  the  student  judges  the  action  of  the  horse 
before  making  a  detailed  examination  will  depend  upon  the  score 
card  used.  In  some  cards  action  is  included  under  general  appear- 
ance. 

Using  the  score  card, — After  the  students  have  become  familiar 
with  the  card  and  the  method  of  approaching  the  animal  they  may 
make  individual  scores.  Each  student  should  work  independently. 
Conversation  and  comparison  of  scores  should  be  avoided  while  the 
work  is  being  done.  The  teacher  should  use  his  judgment  in  deter- 
mining whether  his  time  may  be  spent  better  in  aiding  the  students 
or  in  scoring  the  animal  as  a  basis  for  checking  upon  their  results. 
One  of  the  chief  purposes  in  using  a  score  card  is  to  train  the  student 
in  observation,  so  no  details  should  be  overlooked.  The  card  will  give 
the  score  for  perfection  in  the  various  parts.  The  student  will  enter 
a  score  which  represents  the  amount  which  he  judges  the  animal  to  be 
deficient.  The  sum  of  these  deficient  amounts  subtracted  from  100 
gives  the  score  of  the  animal.  As  a  rule  no  defect  should  result  in  a 
cut  to  exceed  half  of  the  total  number  of  points  allowed  for  the  part 
under  consideration.  A  cut  should  not  be  made  for  less  than  one- 
fourth  of  a  point. 

The  following  is  a  more  detailed  consideration  of  the  scoring  of 
the  animal: 

DRAFT  HORSES. 

GENKRAL    APPEAR  A  NfK. 

Height, — The  height  of  a  horse  is  measured  in  hands  (a  hand  is 
four  inches),  the  measurement  being  made  from  the  top  of  the 
withers  to  the  ground.  (Fig.  6.)  The  ideal  draft  horse  should  be 
over  16  hands  and  under  17^  hands  in  height.  It  is  desirable  that 
the  students  acquire  accuracy  in  estimating  the  height  as  well  as  the 
weight  of  a  horse.  At  first  a  hand  stick,  or  hippometer,  a  measuring 
staff  marked  off  in  hands,  will  be  found  useful. 

Weight. — Draft  horses  may  be  divided  into  three  classes  according 
to  weight.  Light  draft,  1,500  to  1,600  pounds;  medium  draft.  1,600 
to  1,800  pounds;  and  heavy  draft,  1,800  pounds  and  over.  The 
importance  of  weight  should  be  emphasized.  Other  qualities  being 
equal,  the  heavier  horse  can  draw  the  heavier  load.  Not  only  will 
the  extra  weight  be  brought  against  the  load,  but  it  will  also  give 
the  heavy  horse  a  firmer  footing  by  increasing  the  friction  between 
the  shoe  and  the  hard  pavement.  Students  should  make  individual 
estimates  of  the  weight  of  the  horse,  and  the  teacher  should  have 


Digitized  by 


Google 


12  BULLETIN  487,  U.  S.  DEPARTMENT   OF  AGRICULTUBE. 

these  estimated  weights  corrected  by  comparison  with  the  weight  as 
shown  upon  accurate  scales. 

Form, — A  broad,  massive,  low-set  form  will  bring  the  center  of 
gravity  near  the  base  of  support  and  thus  make  the  equilibrium  of 
the  horse  more  stable.  The  general  form  is  due  to  the  legs  as  well 
as  the  body,  so  the  body  and  legs  should  be  well  proportioned.  To 
take  in  the  form  well  the  students  should  note  the  horse  carefully 
from  the  front,  the  rear,  and  both  sides  at  some  distance.     (Fig.  7.) 


Fio.  6. — Student  estimating  the  height  of  a  horse. 

Quality. — Quality  is  a  rather  comprehensive  term,  difficult  to  de- 
fine, although  it  is  understood  by  all  judges  of  live  stock.  It  has  ref- 
erence to  evidence  of  refinement  as  opposed  to  coarseness.  There  is 
a  correlation  between  the  exterior  of  a  horse  and  its  internal  anatomy. 
A  pliable  skin,  with  soft  silky  hair  is  evidence  of  health  and  the 
normal  functioning  of  internal  organs.  Such  skin  and  hair  is  asso- 
ciated with  well-defined  tendons;  smooth,  well-developed,  muscles; 
sti-ong,  smooth  bone;  clean,  well-defined  joints;  and  dense,  sound 
hoofs.     Quality   is  often   associated   with   style,  spirit,   and  speed. 
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While  one  can  not  expect  the  highest  quality  in  draft  horses,  there 
should  not  be  a  tendency  toward  undue  coarseness  which  would  indi- 
cate weakness.    As  extra  weight  is  likely  to  be  associated  with  coarse- 
ness, and  as  the  combination  of  weight  and  quality  is  especiallT 
desirable,  special  attention  should  be  paid  to  the  quality  of  extra 
large  horses.    The  students  should  look  to  quality  as  shown  in  the 
legs.    The  cannon  bone  especially  should  be  clean,  with   a  well- 
defined    tendon    be- 
hind.   In  the  case  of 
the    breeds    which 
have   long    hair,  or 
"feather,''  upon  tlK 
lower  leg  and  coro- 
net   the    fineness  of 
the  hair  is  given  con- 
siderable      attention 
as   an   indication  of 
the  quality   of  bone 
and  hoof. 

Temperament.— 
While  the  draft  horse 
should  be  lively,  en- 
ergetic, and  vigor- 
ous, he  should  be  of 
a  docile  disposition* 
manageable  at  dl 
times,  and  give  evi- 
dence of  intelligence. 
Excessive  nervous- 
ness as  well  as  a  slug- 
gish temperament 
should    result    in    a 

Fig.  8. — A  good  head.  .  .     .j  rwm 

cut  in  the  score.  The 
student  should  be  observant  of  bad  habits  and  vices  and  make 
deductions  for  them  under  temperament. 

HEAD  AND   NECK. 

Head. — The  head  should  be  proportionate  to  the  body  in  size.  It 
should  show  character  anJ  have  a  pleasing  appearance.  (Fig-  8.) 
There  should  be  freedom  from  excessive  flesh,  coarseness,  and  irreg- 
ularities. The  appearance  of  the  horse  depends  much  upon  the 
manner  in  which  the  head  is  carried. 

Muzzle. — ^The  muzzle  should  be  large,  the  lips  thin,  and  well  con- 
trolled, covering  teeth  which  meet  evenly.  Large  flexible  nostrils 
indicate  good  breathing  power.    There  should  be  a  healthy  pink 
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color  to  the  lining  of  the  nostrils  and  an  absence  of  ulcers  or  a  bad 
odor  which  might  indicate  disease. 

Eyes. — ^The  eyes  should  be  full,  bright,  large,  and  mild  and  should 
be  free  from  cloudiness,  specks,  and  white  spots. 

Forehead. — ^The  forehead  should  be  broad  and  full,  neither  dished 
nor  too  prcHuinent.  Good  width  between  the  eyes  indicates  intelli- 
gence. While  there  is  a  tendency  toward  the  Rinnan  nose  in  some 
breeds,  the  straight-face  profile  is  preferred. 

Ears. — ^The  ears  are  listed  upon  the  card  as  medium  in  size,  which 
means  that  they  should  be  in  proportion  to  the  size  of  the  horse, 
not  too  small,  not  too  large.  They  should  show  good  quality,  should 
be  soft  and  pliable,  free  from  coarseness,  being  active  and  alert. 

Neck. — While  the  neck  should  give  evidence  of  strength,  it  should 
be  free  from  thickness  and  coarseness.  It  should  fit  neatly  into  the 
head  at  one  end  and  into  the  withers  and  the  shoulders.  The  crest 
should  be  high,  i.  e.,  the  neck  should  be  arched  well,  with  no  tendency 
toward  a  "  ewe  neck,"  which  term  is  applied  to  a  neck  too  bulging 
and  thick  along  the  lower  border.  A  large  windpipe  indicates 
ability  to  breathe  well.  Jawbones  placed  wide  apart  indicate  ca- 
pacity in  chewing  food. 

FOREQUABTEBS. 

Shoulders. — A  draft  horse  should  have  such  a  shoulder  that  the 
work  collar  will  fit  smoothly  and  with  comfort.  To  accomplish  this 
purpose,  the  shoulder  should  not  be  too  steep.  Occasionally  one 
meets  draft  horses  with  shoulders  too  sloping.  A  moderate  slope  is 
desirable.  The  shoulder  should  be  free  from  all  coarseness  and 
roughness  and  so  muscled  as  to  be  smooth. 

Arm. — ^The  part  formed  by  the  arm  bone,  or  humerus,  extending 
from  the  point  of  the  shoulder  to  the  elbow  is  known  as  the  arm. 
The  arm  should  be  short,  heavily  muscled,  and  should  slope  back- 
ward from  the  point  of  the  shoulder  to  the  point  of  the  elbow  so  as 
to  bring  the  leg  in  such  a  position  as  to  properly  support  the  weight 
of  the  forequarter. 

Forearm. — The  forearm  extends  from  the  elbow  to  the  knee.  It 
should  be  long,  heavily  muscled,  flat,  wide,  and  free  from  coarseness. 
The  size  of  the  forearm  depends  upon  muscular  development,  since 
no  fat  is  placed  upon  it.  The  development  of  the  forearm  is  there- 
fore noted  as  an  indication  of  muscular  development  in  other  parts 
of  the  body. 

Knees. — It  is  very  important  that  the  knees  be  not  only  large  but 
also  so  strongly  developed  and  so  perfectly  set  as  to  carry  well  the 
weight  of  the  body.  As  much  work  devolves  upon  this  joint,  there 
are  apt  to  be  blemishes  which  indicate  weakness  or  a  tendency  to  fall- 
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ing.  Smoothness,  which  indicates  quality  and  freedom  from  any 
tendency  toward  blemishes  is  as  important  as  size. 

(Umnvns, — The  part  of  the  leg  from  knee  to  fetlock  is  known  as 
the  cannon.  The  cannons  should  be  short  and  strong.  Large  sinews 
set  back  well  from  the  bone  will  give  them  a  flat  appearance,  which 
is  desirable.  When  long  hair  or  "feather"  is  present  it  should  be 
fine  and  silky  as  an  indication  of  the  quality  and  strength  of  bone 
and  sinew. 

Fetlocks, — The  fetlocks,  like  the  knees,  are  joints  which  must  with- 
stand much  strain,  and  which  must  be  wide,  straight,  and  strong  to 
withstand  it.    It  is  very  important  that  they  be  free  from  blemishes. 

Pastern^. — The  pasterns,  like  other  parts  of  the  leg,  should  give 
evidence  of  clean,  strong  bone.  The  length  and  slope  of  the  pastern 
is  important.  Short,  upright  pasterns  prevent  a  springy,  elastic 
action  in  placing  the  feet,  and  are  apt  to  send  a  jar  through  the  body 
when  weight  is  thrown  upon  the  foot.  While  long  pasterns  with  too 
gi'eat  a  slope  are  less  fi^equently  met  with  in  the  draft  type,  they  are 
tmdesirable,  as  they  tend  toward  weakness.  Moderately  long  pas- 
terns with  a  slope  of  45°  are  most  desirable. 

Feet, — Close  attention  should  be  given  the  feet.  They  should  be 
large,  smooth,  and  symmetrical  in  shape,  giving  every  evidence  of 
strength  and  quality.  It  is  more  important  that  the  hoof  be  of  good 
texture  and  of  tlie  proper  shape  than  that  it  be  of  a  dark  color.  (Fig. 
9.)  The  sole  should  be  cupped,  not  flat  or  bulging.  The  frog  should 
be  large  and  elastic,  the  bars  prominent.  The  horn  of  the  hoof 
should  be  smooth  and  waxy,  free  from  cracks,  ridges,  and  scales. 
The  hoof  heads  (coronets)  should  be  open  and  wide  at  the  heel. 

T^cgn. — After  each  part  of  each  leg  is  considered  the  forelegs  may 
considered  in  relation  to  the  body.  As  suggested  on  the  score  card 
they  should  be  straight,  so  that  when  viewed  from  the  front  a  per- 
pendicular line  from  the  ]ioint  of  the  shoulder  should  fall  upon  the 
center  of  the  knee,  cannon,  pastern,  and  foot.  (Fig.  10.)  From  the 
side  a  perpendicular  line  dropping  from  the  center  of  the  elbow 
joint  should  fall  upon  the  center  of  the  knee  and  pastern  joints 
and  back  of  the  hoof. 

BODY. 

Clwfit. — A  roomy  chest  is  an  indication  of  strong  constitution.  A 
narrow  chest  does  not  give  room  for  the  large  heart  and  lungs  which 
the  vigorous,  powerful  horse  should  possess.  The  chest  should  be 
wide  and  deep  when  viewed  from  the  front  and  from  the  side. 
Room  for  the  vital  organs  should  be  secured  by  depth  as  well  as 
breadth,  because  a  chest  too  wide  may  not  be  consistent  with  good 
action. 
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Ribs. — The  digestive  organs  of  the  animals  lie  ^within  the- so- 
called  barrel.  The  capacity  of  the  barrel  depends  upon  the  ribs. 
If  the  digestive  organs  are  to  have  room  the  ribs  must  be  long  and 
well  sprung.  Ribs  close  together  and  close  up  to  the  hips  are  asso- 
ciated with  strength  and  good  feeding  qualities.  Kibs  with  loose 
coupling  not  carried  close  up  to  the  hips  indicate  weakness  and 
poor  digestive  powers. 

Bach, — Ribs  well  sprung  will  give  breadth  to  the  back.  The  back 
sliould  not  only  be  broad  but  also  straight,  short,  and  muscular.  Its 
general  appearance  should  be  that  of  great  strength  and  compactness. 

Loin, — The  part  of  the  back 
not  supported  by  the  ribs  is 
known  as  the  loin.  If  the  ribs 
are  carried  close  up  to  the 
hips  the  loin  will  be  short. 
With  the  back  is  should  be 
straight  and  wide  and  give 
evidence  of  strength. 

Underline.  —  The  underline 
should  run  back  well,  full  and 
low.  If  it  is  cut  up  at  the 
flank  it  will  denote  the  lack  of 
capacity  associated  with  a 
horse  hard  to  keep  fat. 


HINDQUABTERS. 


Fi«.  9. — Ground  surface  of  a  right  foro  hoof 
of  the  regular  form  :  a,  o,  wall ;  a-o,  the  toe  ; 
.  a-b,  the  Hide  walls ;  6-d,  the  quarters : 
c,  c,  the  bars ;  d,  d,  the  buttresses ;  c,  lateral 
cleft  of  the  frog ;  f,  body  of  the  sole ; 
9,  o'»  (7".  Ipafy  layer  (white  line)  of  the  toe 
and  bars ;  h,  body  of  the  frog ;  i,  i,  branches 
of  the  frog ;  k,  k,  horny  bulbs  of  the  heels ; 
I,  middle  cleft  of  the  frog. 


flips. — ^The  hips  Should  be 
wide  and  smooth  and  free  from 
angularity  and  coarseness.  As 
the  muscles  of  the  upper  region 
of  the  hindquarters  are  im- 
portant in  the  movement  of 
heavy  loads,  there  should  be  plenty  of  room  about  the  hips  and  croup 
for  thick  muscle. 

Croup. — WTiile  draft  horses  are  not  carried  out  so  well  in  the  croup 
as  horses  of  lighter  type,  there  should  be  no  excessive  drooping.  A 
steep,  short  croup  does  not  give  room  for  the  necessary  muscle,  hence 
is  an  indication  of  weakness. 

Tail. — The  tail  itself  is  not  important  except  as  a  factor  in  the  ap- 
pearance of  the  horse  and  its  comfort  during  fly  time.  -While 
it  can  not  be  expected  that  the  tail  of  a  draft  horse  will  be  carried 
with  the  style  of  a  lighter  harness  horse,  it  should  be  attached  fairly 
high  and  carried  well. 
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Thighs  and  quarters, — ^The  thighs  extend  from  the  hips  to  the 
stifles.    The  plump  muscles  of  the  thigh  seen  from  the  rear  are  known 


Fig.  10. — Good  forequartera. 


as  the  quarters.    Thighs  and  quarters  should  have  strong  muscles  es- 
tended  down  well  to  the  stifles  and  gaskins. 
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Stifles. — ^These  joints  correspond  to  the  knee  of  a  man.     Th( 
should  be  strong,  clean,  and  muscular,  and  so  set  as  to  allow  f  reedo 
in  action.    It  is  better  to  have  them  turn  outward  slightly  than 
have  them  turn  inward. 


FiQ.  11. — Good  hlod  quarters. 

Gaskins. — The  gaskins,  or  lower  thighs,  like  the  forearms,  shou 
be  long,  heavily  muscled,  flat,  wide,  and  free  from  coarseness.  T 
muscles  should  be  prominent  in  front  of  the  bone  and  carried  w 
downward. 
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Ilocka, — The  hocks  are  even  more  important  than  the  knees,  as  tbe 
strain  of  starting  a  load  and  heavy  hauling  devolves  upon  these 
joints.  They  should  be  perfectly  sound  and  show  great  strength.  T< 
show  strength  they  should  be  large,  well  defined,  clean,  and  straight 

Cannons^  fetlocks^  pasterns^  feet. — Statements  regarding  the  loafer 
part  of  the  front  leg  will  apply  equally  well  to  the  correspondic;: 
parts  of  the  hind  leg. 

Legs, — As  the  hind  legs  are  more  important  in  pulling  a  load,  it  U 
even  more  important  that  they  are  straight  than  it  is  that  the  fron: 
legs  are  not  crooked.    As  suggested  in  the  score  card  when  vievei 


Fir..  12. — Judprlng  action.     Horse  moving  away  from  student  at  a  wallL 

from  behind,  a  perpendicular  line  from  the  point  of  the  buttock 
should  fall  upon  the  center  of  the  hock,  cannon,  pastern,  and  foot 
(Fig.  11.)  From  the  side,  a  perpendicular  line  from  the  hip  jobt 
should  fall  upon  the  center  of  the  foot  and  divide  the  gaskin  in 
the  middle,  and  a  perpendicular  line  from  the  point  of  the  buttock 
should  run  parallel  with  the  line  of  the  cannon. 


Walk, — Inasmuch  as  most  of  the  work  of  a  draft  horse  is  done  at* 
walk  (figs.  12, 13,  and  14)  in  the  score  this  gait  is  given  more  weight 
than  the  trot.    It  is  important  that  a  working  horse  maintain  a  h^ 


Digitized  by 


Google 


JUDGING   HORSES  IN   SECONDARY   SCHOOLS.  21 

walk  throughout  the  day.  The  student  should  note  the  horse  as  he 
moves  away  at  a  walk.  The  walk  should  be  straight,  rapid,  and  well 
controlled.  The  joints  should  be  fully  flexed,  and  the  hoofs  turned 
up  so  that  the  shoe  shows  plainly.  The  hocks  should  be  carried 
neither  too  wide  nor  too  close  together.  The  student  should  also 
note  the  horse  carefully  as  he  comes  back  at  a  walk.  The  feet  should 
be  lifted  with  a  snap  and  move  straight  ahead.  The  flexing  of  the 
knee  should  not  result  in  any  outward  spreading.  The  horse  should 
also  be  taken  past  the  students  at  a  walk,  when  the  length  of  the 
stride  and  the  flexing  of  the  joints  may  be  noted  to  better  advantage. 


Fio.  18. — Judging  action.     Horse  moviDg  toward  studeDt  at  a  walk. 

Trot. — The  trotting  of  the  horse  should  be  noted  likewise  as  the 
horse  is  moving  away,  as  he  is  coming  toward  the  student,  and  as  he 
is  passing  by.  The  action  should  be  even  and  well  balanced  and 
should  show  spirit.  If  the  feet  are  brought  down  too  close  together 
there  may  be  interfering;  if  they  are  spread  too  wide  there  will  be 
a  spraddling  gait.  When  the  legs  are  placed  too  wide  on  the  body 
there  will  be  an  undesirable  rolling  gait.  The  joints  should  be  flexed 
well,  that  there  may  be  no  danger  from  stumbling.  The  stride  should 
be  long  and  even,  and  the  feet  brought  down  so  that  the  heel  meets 
the  ground  first.  This  latter  action  is  associated  with  pasterns  of 
good  slope  and  gives  a  spring  not  associated  with  short,  upright  pas- 
terns. 
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LIGHT  HORSES. 

Relation  of  form  to  function. — The  demand  made  upon  the  draft 
horse  is  to  pull  a  heavy  load;  this  function  is  associated  with  weight 
and  great  strength.  The  demand  made  upon  the  light-harness 
horse  is  to  move  a  relatively  light  vehicle  at  a  rapid  rate ;  this  fuDc- 
tion  is  associated  with  a  lighter,  more  angular  form  and  great  en- 
durance. 

OENEBAL  APPEABANCE. 

Height  and  weight, — The  most  desirable  height  for  a  light-hanwss 
horse,  or  roadster,  is  from  15  to  15J  hands.     They  may  range  k 


Fig.  14. — Judging  action.     Horse  moving  past  student  at  a  walk. 

weight  from  900  to  1,150  pounds,  the  weight  most  desired  being  1.000 
to  1,100  pounds. 

Form. — Angularity  with  length  of  body  and  limbs  is  an  indicatitm 
of  speed.  There  should  also  be  sufficient  depth  of  chest  to  indicate 
capacity  of  vital  organs  so  closely  correlated  with  stamina. 

Quality. — In  the  light-harness  horse  there  should  be  a  complete 
absence  of  coarseness.  There  is  a  very  close  correlation  between 
quality  and  endurance,  as  well  as  with  style,  spirit,  and  speed.  It  fe 
especially  important  that  the  legs  and  feet  show  every  indicati(Mi  p^ 
quality. 
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Temperament, — ^The  temperament  as  reflected  in  action  and  general 
behavior  should  be  very  energetic,  yet  manageable.  Horses  true  to 
this  type  are  not  often  sluggish,  although  there  may  be  a  tendency 
toward  excessive  nervousness  and  even  viciousness. 

HEAD  AND  NECK. 

That  which  is  stated  in  regard  to  the  head  of  the  draft  horse  ap- 
plies also  to  horses  of  this  type,  except  that  we  may  expect  the  head 
of  the  light  horse  to  be  somewhat  more  lean  and  angular. 

While  style  and  grace  are  desired  in  the  neck  of  the  light-harness 
horse,  it  will  be  long  when  compared  with  that  of  the  draft  horse, 
and  may  in  some  horses  lack  the  pronounced  style  and  symmetry  of 
the  coach  horse. 

FOBEQUABTEBS. 

Clean  and  quick  action  will  depend  much  upon  the  conformation 
of  the  shoulder.  A  long-reaching,  clean  action  demands  a  shoulder 
long  and  oblique,  extending  well  into  the  back.  It  is  important  that 
the  covering  of  muscle  should  be  smooth. 

The  statements  made  concerning  the  forelegs  of  the  draft  horse 
will  apply  for  the  most  part  to  the  light-harness  horse.  The  length 
of  muscle  and  bone  will  be  proportionally  greater  in  the  light  horse. 
There  should  be  an  absence  of  all  coarseness,  and  every  indication  of 
quality. 

BODY. 

A  strong  constitution  is  indicated  by  the  light  horse  more  by  depth 
of  chest  than  by  breadth.  The  ribs  should  be  well  sprung,  deep,  and 
close.  The  back  should  be  short  and  well  muscled  as  an  indication 
of  strength.  The  loin  should  be  shoi-t  and  broad  and  the  croup  long 
and  level.  Both  loin  and  croup  should  be  well  rounded  out  with 
strong  muscles. 

HINDQUABTEBS. 

As  with  the  forequarters,  so  with  the  hindquarters,  the  limbs  with 
their  body  connections  should  be  constructed  for  speed.  The  mus- 
cles of  the  thighs,  quarters,  and  gaskins  should  be  long  and  heavy. 
The  hocks  should  be  wide,  straight,  and  clean.  The  cannons  should 
be  comparatively  short  and  give  evidence  of  clean  bone.  The  pas- 
terns should  have  a  good  slope.  The  feet  and  legs  should  be  given 
special  attention. 

ACTION. 

It  will  be  noted  that  the  score  cards  give  relatively  more  value  to 
action  with  light  horses  than  with  the  draft  horses.  The  greater 
amount  of  value  is  given  entirely  to  the  trot.  When  we  consider  the 
functions  of  these  classes  of  horses  we  see  good  reason  for  this.    Spe- 
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rial  attention  should  be  given  the  trot  or  pace  according  to  the  direc- 
tions given  under  the  description  of  the  draft  horse.  The  light  horse 
should  not  come  down  on  his  heels  in  a  pronounced  manner. 

ESTIMATING  THE  AGE  OF  A  HORSE. 

Every  student  should  learn  to  estimate  the  age  of  a  horse.  When 
a  horse  is  scored  each  student  should  put  his  estimate  of  the  horse's 
age  upon  the  card.  Horses  of  different  ages  should  be  selected  in 
order  that  the  student  may  note  their  development  and  have  prac- 
tice in  estimating  ages,     (Fig.  15.) 

Until  a  horse  is  over  10  years  old  the  teeth  furnish  an  indication 
of  age  which  is  fairly  accurate.     In  estimating  the  age  of  a  horse 

we  consider  only  the 
three  pairs  of  front 
teeth  or  nippers  on 
each  jaw.  Horses, 
like  human  beings, 
have  two  sets  of 
teeth;  the  first  set, 
known  as  milk  teeth, 
being  replaced  by 
l)ermanent  teeth. 
New  teeth  have  deep 
cups,  or  indenta- 
tions, at  their  cen- 
ters. As  the  teeth 
wear  down  these 
cups  disappear. 

A  colt  does  not 
usually  get  its  first 
pair  of  nippers  until 
it  is  a  few  days  old, 
and  has  all  three 
pairs  by  the  time  it 
is  0  to  10  months  old.  Until  a  colt  is  3  years  old,  its  general  appear- 
ance is  relied  upon  largely  as  an  indication  of  its  age.  The  follow- 
ing descriptions,  with  the  accompanying  illustrations,  are  intended 
to  aid  the  student  in  getting  an  idea  of  the  condition  of  a  horse's 
mouth  by  years: 

One  year. — The  center  pair  of  milk  incisors,  known  as  the  pinch- 
ers, and  the  pair  next  to  them,  known  as  the  intermediates,  are  well 
through  the  gums  and  in  contact,  but  the  comer  pairs  do  not  yet 
meet  on  a  level. 


Ago  of  horses  as  Indioatod  by  teeth. 


Longitudinal  section  of  left  central  lower  incisor  and 
cross  sections  of  same  tooth,  showing  table  surfaces  as 
they  appear  at  the  ages  of  3,  5,  7,  9,  15,  20,  and  25  years. 
C,  Cement;  I,  Infundibulum  ;  I),  dentine;  K,  cup;  S,  star; 
E,  enamel  ;  1*,  pulp  cavity. 
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Two  years, — ^The  pinchers  and  the  intermediates  indicate  that  they 
are  being  crowded  by  the  permanent  teeth,  as  they  are  pushed  free 
from  their  giims  at  the  base.  By  the  time  the  colt  is  two  and  a  half 
years  old  the  middle  pinchers  should  be  through.  The  permanent 
teeth  are  much  larger  than  the  temporary  ones. 

Three  years. — ^The  middle  pinchers  are  large  enough  for  use. 
Their  deep  cups  show  plainly.  The  milk  intermediates  are  about 
to  be  shed. 

Four  years. — ^The  permanent  intermediates  appear  at  three  and  a 
half  years  and  are  ready  for  use  at  four.  The  comer  teeth  give 
evidence  that  the  permanent  comers  are  coining.  The  cups  in  the 
pinchers  are  about  one-third  gone.  (The  tusks,  or  canine  teeth,  of 
male  colts  may  appear  about  this  time.) 

Five  years. — The  temporary  corner  teeth  are  shed  at  four  and  a 
half  and  the  permanent  ones  are  ready  to  use.  The  horse  has  now 
what  is  known  as  a  full  mouth,  all  permanent  incisors  being  ready 
to  use.    The  cups  of  the  first  pair  are  about  two-thirds  gone. 

Six  years. — The  cups  in  the  center  pair  have  nearly  disappeared. 
In  the  second  pair  they  are  about  two-thirds  gone. 

Seven  years. — The  cups  from  the  second  pair  are  now  gone.  There 
is  a  notch  in  the  upper  corner  tooth  where  it  overlaps  the  lower  one. 

Eight  years. — ^The  cups  having  all  worn  out  of  the  lower  nippers, 
we  now  look  at  the  upper  jaw.  Although  cups  remain  in  the  center 
pair,  they  are  not  deep. 

Nirie  years. — The  cups  in  the  center  pair  of  nippers  on  the  upper 
jaw  have  disappeared.  They  are  still  present  in  the  other  two  pairs, 
bein^  fairly  deep  in  the  corner  ones. 

Ten  years. — ^The  cups  are  worn  out  of  the  second  pair  on  the  upper 
jaw,  although  they  are  still  present  in  the  corner  pair. 

Older  horses. — At  11  years  all  of  the  cups  are  usually  worn  out 
of  the  incisors.  It  becomes  necessary  now  to  use  some  other  indica- 
tion of  age.  Estimation  of  age  is  now  based  upon  the  angle  at 
which  the  teeth  meet,  their  change  in  size  and  shape.  As  the  horse 
gets  older,  the  teeth  meet  more  and  more  at  an  acute  angle;  that  is, 
the  jaws  become  more  oblique.  As  the  teeth  wear  down,  the  shape 
of  the  worn  ends  changes  from  oval  to  more  nearly  round  and 
finally,  in  an  aged  horse,  to  a  nearly  triangular  form.  Students 
should  note  the  difference  in  the  shape  of  the  teeth  in  younger  horses. 
Sometimes  cups  are  cut  or  burned  in  the  teeth  of  old  horses  to  make 
their  mouths  resemble  those  of  yoimger  animals.  This  practice, 
known  as  "  Bishoping,"  may  be  detected  if  the  shape  of  the  tooth 
and  the  absence  of  the  ring  of  enamel  which  surrounds  the  natural 
cup  are  noted.  After  a  horse  is  12  years  old  its  condition  is  more 
important  than  its  age  in  determining  vahies. 
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ESTIMATING  MATTERS  OF  UNSOUNDNESS. 

Sound  horses  should  be  selected  for  practice  judging  until  the 
students  have  become  well  acquainted  with  the  score  card  and  have 
developed  fairly  good  ideals.  A  sound  horse  is  one  which  has  no 
imperfection  of  so  serious  a  nature  as  to  interfere  with  its  usefulness. 
Anything,  such  as  a  wire  cut,  which  mars  the  appearance  of  a  horse 
without  detracting  from  its  usefulness  is  known  as  a  blemish.   . 

The  matter  of  detecting  unsoundness  is  very  important  in  judging 
horses,  as  many  forms  of  unsoundness  not  only  unfit  a  horse  for  hard 
work  but  also  unfit  it  for  breeding  purposes,  as  the  unsoundness  may 
be  transmitted  to  the  offspring.  It  is  a  question,  however,  as  to 
just  liow  far  the  high-school  student  may  enter  into  this  study.    A 


Fig.  10. — Location  of  common  unsoundness. 

knowledge  of  many  of  the  troubles  which  detract  from  the  value  of 
horses  is  based  upon  principles  of  veterinary  science  not  commonly 
taught  in  the  high  school.  Only  the  more  common  and  important 
defects  and  diseases  are  listed  below  under  the  part  affected.  (Fig. 
10.)  The  extent  to  which  the  class  will  consider  matters  of  un- 
soundness and  disease  should  depend  upon  the  training  of  the  teacher 
and  the  preparation  of  the  students.  An  effort  should  also  be  made 
to  meet  local  conditions  and  needs. 

Ei/es, — The  student  should  gain  assurance  that  the  horse  is  not 
blind.  Blindness  may  frequently  be  discovered  by  placing  the  hand 
gently  in  front  of  the  eye,  and  moving  it  gently  directly  away  from 
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the  eye  so  as  not  to  create  air  waves  which  might  cause  a  blind 
horse  to  close  the  eyelids.  An  inclination  to  shy  readily  may  indicate 
defective  vision. 

Ears. — ^If  the  ears  are  kept  rigid  it  may  indicate  deafness.  If  the 
ears  are  used  excessively  it  may  indicate  defective  sight,  as  a  horse 
which  does  not  see  well  will  use  his  ears  to  the  fullest  extent  to  assist 
his  eyes. 

Nostrils, — ^The  nostrils  should  show  a  healthy  pink  color  and  be 
free  from  discharges  which  might  indicate  some  disease. 

Mouth,— ^Th^  lips  should  not  be  torn  and  should  be  free  from  any 
sores  caused  by  the  bit.  See  that  the  tongue  shows  no  evidence  of 
mutilation.  Good  teeth  will  meet  well  all  around.  A  strong  odor 
from  the  mouth  may  indicate  decayed  teeth.  Look  at  the  under  jaw 
iofc  abcesses  and  timiors. 

Neck. — The  neck  may  be  left  stiffened  by  a  case  of  poll  evil,  which 
is  a  fistula  or  enlargement  of  the  poll  containing  pus.  This  trouble 
may  reappear. 

MHthers. — A  similar  fistula  may  occur  upon  the  withers.  These 
fistulas  may  be  chronic  and  difficult  to  heal,  or  when  healed  leave  bad 
scars  and  stiffness,  which  would  constitute  unsoundness  if  the  service- 
ableness  of  the  horse  is  interfered  with. 

Shoulders. — ^There  may  be  a  wasting  away  of  the  muscles,  causing 
what  is  known  as  sweeney. 

Knees. — The  knee  may  be  bent  forward,  causing  what  is  known  as 
"  sprung  knee,"  or  it  may  be  bent  backward  indicating  "  calf  knee," 
which  is  caused  by  an  inherited  defect  of  conformation.  Look  also 
for  puffs  or  swellings. 

CarmoTis. — Associated  with  the  cannons  are  two  small  splint  bones. 
There  may  be  abnormal  bony  growths  about  these  bones  which  are 
known  as  splints.  Small  splints  may  not  cause  lameness,  and  if 
found  on  young  horses  may  be  classed  as  blemishes,  since  they  may 
disappear  as  the  horse  grows  older.  A  splint  is  considered  serious  if 
located  so  as  to  interfere  with  the  action  of  the  tendon  or  so  close  to 
the  knee  joint  as  to  interfere  with  action. 

Fetlocks. — ^Wind  galls  and  sores  due  to  interfering  may  be  present 
and  are  classed  as  blemishes  imless  they  produce  lameness. 

Pasterns. — ^Ringbones  may  be  foimd  upon  the  pasterns.  These  are 
bony  growths  which  may  encircle  the  bone  partially  or  entirely.  They 
may  be  up  near  the  fetlock,  but  are  more  commonly  down  lower  where 
the  hoof  joins  the  pastern.  A  well-developed  ringbone  has  a  bulging 
appearance  and  is  readily  seen.  A  small  form  may  need  the  hand  for 
detection. 

Hoof  heads  or  coronets. — Side  bones  are  abnormal  bony  growths 
appearing  as  a  swelling  under  the  skin  in  the  region  of  the  coronet. 
They  are  common  only  upon  the  front  feet.    They  have  been  de- 
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veloped  by  the  cai'tilagc  changing  to  solid  bone.  They  may  cause 
himeness  and  pain,  especially  when  the  horse  is  driven  on  hard  pave- 
ment. A  fistulous  abscess,  known  as  quittor,  may  also  occur  upon  tiie 
coronet. 

Feet, — Founder  is  indicated  by  rings  and  ridges  around  the  hoof 
wall,  an  abnormal  projection  of  the  toe,  and  a  convex  sole.  (The 
rings  and  ridges  are  close  together  at  the  toe  and  diverge  toward  the 
heel.)  Founder  also  causes  lameness.  Weak  feet  are  subject  to 
cracking.  A  crack  in  front  of  the  foot  is  known  as  a  sand  crack,  and 
those  on  the  quarters  are  known  as  quarter  cracks.  Upon  the  soles 
of  the  feet  there  may  be  corns,  or  a  diseased  condition  of  the  frog 
known  as  thrush. 

Uoclcs, — It  is  very  essential  that  the  student  knows  the  structural 
outline  of  a  perfect  hock,  otherwise  it  will  be  difficult  to  detect  cer- 
tain unsoundness  common  to  this  region.  Thoroughpin  is  one  of  the 
troubles  often  difficult  to  detect.  It  consists  of  a  soft  swelling  having 
its  origin  between  the  tendon  and  the  bone,  appearing  just  above  the 
hock. 

There  may  be  associated  with  thoroughpin  a  trouble  known  as  bog 
spavin.  This  trouble  is  found  in  the  depression  that  occurs  on  the 
inner  forward  pai-t  of  the  hock.  It  is  caused  by  the  oil  from  the 
joint  accumulating  and  forming  a  soft  swelling.  Sometimes  the  term 
blood  spavin  is  applied  to  these  swellings  and  to  an  enlargement  of 
the  vein  that  passes  the  hock  from  the  front.  None  of  these  troubles 
are  considered  unsoundness  in  a  technical  sense  unless  they  are  pro- 
ductive of  lameness.  Just  under  the  hock  at  the  rear  the  li&raments 
may  thicken,  forming  a  bulging  calloused  enlargement  known  as  a 
curb. 

The  worst  trouble  of  the  hocks  and  the  most  common  is  bone 
spavin.  Nature  in  her  attempt  to  strengthen  a  weak  hock  often 
causes  a  deposit  of  bone  about  the  joint.  Needless  to  state  that  this 
interferes  with  action,  causing  lameness.  The  lameness  usually 
lessens  with  exercise. 

Stifle. — Be  sure  there  are  no  swellings  about  the  stifle. 

General  unsoundness, — It  is  necessary  to  drive  a  horse  hard  for 
some  distance  to  determine  if  his  wind  is  sound.  By  stopping  him 
(|uickly  and  listening  in  a  position  close  to  the  neck  it  may  be  de- 
termined whether  the  breathing  is  natural.  There  may  be  a  roaring 
or  whistling  sound  indicating  disorders  of  the  air  passages.  Irregu- 
lar, spasmodic  breathing  indicates  heaves,  another  unsoundness  of 
the  horse. 

Vices. — Such  vices  as  kicking,  balking,  shying,  and  a  tendency  to 
run  away  are  not  met  with  in  draft  horses  to  the  extent  that  they 
occur  in  lighter  horses.  Stable  vices  such  as  cribbing,  weaving,  tail 
rubbing,  and  halter  pulling,  as  well  as  the  vices  menti<med  above, 
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detract  from  the  value  of  the  horse,  although  they  are  not  considered 
unsoundness. 

COMPARATIVE  JUDGING. 

The  score  card  has  been  used  in  order  that  the  student  might  estab- 
lish in  his  mind  an  ideal  of  a  draft  horse.  The  judging  so  far  has 
been  a  comparison  of  the  horse  judged  with  the  ideal.  The  use  of 
the  card  should  have  trained  the  student  to  examine  the  horse  in  a 
systematic  manner,  taking  in  all  details.  After  these  aims  have  been 
attained  the  student  is  ready  for  work  in  comparative  judging;  that 
is,  in  comparing  a  horse  with  other  horses  in  place  of  comparison 
with  the  score-card  ideal. 

In  considering  the  superiority  of  one  horse  over  another,  it  is 
necessary  to  merge  details  into  more  inclusive  qualities  or  characters 
which  affect  values  directly,  such  as  size,  conformation,  quality,  tem- 
perament, action,  and  soundness.  It  is  well  to  have  students  begin 
by  making  comparisons  in  simple  features,  placing  the  horses  as  to 
weight,  quality,  or  general  conformation.  As  they  become  profi- 
cient in  making  comparisons,  a  number  of  horses  may  be  placed 
according  to  their  market  or  breeding  values.  Horses  of  marked 
differences  may  be  chosen  at  first,  and  later  horses  more  nearly  equal 
may  be  used.  Each  student  should  write  a  report  covering  his  rea- 
sons for  placing  the  horses.  These  reasons  may  be  graded  by  the 
teacher  and  discussed  later  in  the  class. 

DEMONSTRATIONS. 

Demonstrations  are  usually  conducted  by  the  teacher  or  some  ex- 
pert induced  to  point  out  the  good  and  bad  points  for  the  benefit  of 
the  class.  After  the  students  have  developed  proficiency  in  judging, 
a  member  of  the  class  should  be  called  upon  to  discuss  the  merits  and 
defects  of  an  individual  or  to  give  his  reasons  for  placing  in  compara- 
tive judging  in  the  presence  of  the  animals. 

Judging  at  fairs. — Competitive  stock  judging  at  fairs  and  stock 
shows  has  become  very  popular  in  some  sections.  If  these  compe- 
titions are  conducted  honorably  and  with  the  students'  development 
paramount,  they  have  high  educational  value.  Whether  students 
enter  a  judging  competition  or  not,  much  may  be  learned  by  the  stu- 
dent at  these  shows.  A  progressive  teacher  will  take  advantage  of 
live-stock  exhibitions  and  will  aim  to  organize  the  students  and  super- 
vise their  visit  so  that  maximum  results  may  be  obtained.  The  better 
fairs  not  only  give  the  students  an  opportunity  to  see  the  best  horses 
of  the  section  represented,  but  they  also  give  them  an  opportunity 
to  observe  the  methods  of  judges  of  experience.  The  work  of  the 
judges  should  be  observed  closely  by  the  visiting  class,  and  explana- 
tions of  reasons  for  their  placing  noted  carefully.    The  fairs  give  an 
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opportunity  for  comparison  of  types  and  breeds  which  is  sddwn 
found  in  the  school  district. 

At  some  of  the  schools  local  fairs  are  held  in  connection  with  the 
work  in  stock  judging.  Such  exhibitions  aid  in  arousing  intere^  in 
better  animals  as  well  as  give  students  practice  in  judging.  A  pro- 
gram may  be  given  in  connection  with  the  show.  While  men  weD 
qualified  should  give  the  main  addresses  concerning  horses,  a  plice 
should  be  reserved  for  the  members  of  the  class.  A  debate  on  a)iDe 
question  pertaining  to  types  and  breeds  of  horses  should  be  interest- 
ing as  well  as  instructive. 
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INTRODUCTION. 

The  farmer  who  makes  a  success  on  high-priced  irrigated  land  must 
not  only  grow  large  crops,  but  he  must  market  these  crops  in  the 
most  advantageous  way.  Most  crops  grown  in  localities  far  removed 
from  the  large  consuming  centers  should  be  marketed  in  condensed 
form,  so  as  to  reduce  the  cost  of  transportation.  For  example,  a 
hundred  pounds  of  butter  can  be  shipped  to  market  much  more 
cheaply  than  the  hay  and  grain  required  to  produce  this  butter.  The 
farmer  should  take  advantage  of  this  fact  in  organizing  his  opera- 
tions. In  addition  to  this  saving,  the  manure  resulting  from  the 
feeding  of  the  crops  makes  it  possible  to  produce  larger  crops  in  sub- 
sequent years. 

» The  experiments  reported  In  this  bulletin  have  been  conducted  on  the  Scottsblulf 
Experiment  Farm  on  the  North  Platte  Irrigation  Project  In  Nebraska.  This  experiment 
farm  Is  conducted  by  the  United  States  Department  of  Agriculture  In  cooperation  with 
the  state  Experiment  Station  of  Nebraslca.  The  primary  object  of  these  experiments 
has  been  to  determine  the  most  efficient  method  of  utilizing  alfalfa,  which  is  the  most 
important  crop  on  this  project,  as  it  Is  on  nearly  all  of  the  irrigated  projects  of  the 
West.  The  author  desires  to  acknowledge  the  assistance  given  him  by  Mr.  Henry  SuUivan 
in  carrying  out  the  details  of  the  experiment8.~-C.  8,  Scofteld,  Affriculturist  in  Charge, 
Office  of  Western  Irrigation  Agriculture. 
05731**— Bull.  488—17 1 
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Many  of  the  farmers  on  irrigated  projects  are  financially  unable 
at  present  to  secure  dairy  cows  or  to  get  cattle  or  sheep  to  feed. 
There  are  very  few,  however,  who  can  not  get  into  the  hog  business 
in  a  very  short  time.  Less  capital  and  time  are  required  in  getting 
into  the  hog  business  than  in  any  other  live-stock  industry.  With 
$25  with  which  to  buy  small  pigs  and  with  very  little  grain  and  good 
alfalfa  pasture,  the  farmer  can  get  well  started  in  the  hog  business  in 
two  years.  Horses  and  cattle  increase  annually  60  to  80  per  cent, 
sheep  a  little  more  than  100  per  cent,  while  hogs  should  increase  600 
per  cent  or  better.  The  buildings  necessary  for  the  housing  of  hogs 
are  also  relatively  inexpensive.  The  hog  is  a  very  eccmomical  feeder. 
It  takes  less  feed  to  produce  a  pound  of  pork  than  any  other  kind  of 
meat  produced  on  the  farm.  The  hog  has  the  ability  quickly  to  trans- 
form  the  products  of  the  farm  into  a  readily  marketable  conmioditj. 

In  the  irrigated  sections  of  the  West,  where -alfalfa  is  the  principtl 
crop  and  where  grain  crops  occupy  a  secondary  position,  the  farmer 
needs  information  on  the  following  points:  (1)  The  practicability 
of  using  alfalfa  as  hog  pasture;  (2)  the  value  of  different  quantities 
of  grain  when  fed  to  hogs  on  alfalfa  pasture;  (3)  the  comparative 
values  of  com  and  ground  barley  when  fed  to  hogs  on  alfalfa  pasture: 
and  (4)  the  practicability  of  hogging  down  com. 

In  order  to  secure  information  on  these  points,  experiments  were 
inaugurated  at  the  Scottsbluff  Experim^t  Farm  on  the  North  Platte 
Keclamation  Project  in  1912  and  ccmtinued  with  some  modifications 
in  1913,  1914,  and  1915.  The  results  of  these  experiments  are  re- 
ported in  this  bulletin. 

GENERAL  DESCRIPTION  OF  THE  METHODS  FOLLOWED. 

It  has  been  the  aim  in  this  bulletin  to  use  average  prices  and  to  re- 
port sufficient  fimdamental  data  to  enable  anyone  to  apply  differeDt 
prices  to  the  results.  The  prices  used,  except  where  otherwise  stated, 
are  as  follows:  Gains  made  by  hogs,  $7  per  hundredweight;  c«ti, 
$1.07  per  hundredweight  (or  60  cents  a  bushel) ;  ground  barley,  $1 
per  hundredweight ;  alfalfa  hay,  $8  a  ton ;  tankage,  $64  a  ton.  The 
data,  which  usually  have  been  calculated  to  an  acre  basis,  show  the 
results  that  were  obtained  from  quarter-acre  plats  of  alfalfa  pasture, 
which,  if  cut  for  hay,  would  have  yielded  from  4  to  6  tons  per  acre; 
and  in  the  case  of  corn  hogged,  from  one-third  or  one-quarter  acre 
plats  that  yield  as  high  as  80  bushels  of  com  per  acre.  It  must  be 
remembered  by  farmers  who  attempt  to  follow  these  metiiods  ef 
crop  utilization  that  the  higher  the  yield  of  the  crop  the  larger  will 
be  the  returns. 

The  term  "  per  cent,"  when  referring  to  rations,  indicates  the  num- 
ber of  pounds  fed  daily  per  100  pounds  of  live  weight.    The  cost  of 
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the  condiments  fed,  sprays  used,  interest  on  investment,  risk,  and 
labor  are  not  considered  in  this  report.  The  term  "  net  return,"  as 
used  in  the  following  text  and  tables,  refers  to  the  difference  between 
the  total  return  and  the  estimated  value  of  grain  fed  and  is  not  to  be 
taken  as  the  net  return  of  the  land  after  production  costs  and  interest 
charges  have  been  deducted. 

The  hogs  in  these  experiments  had  access  to  salt,  slacked  coal,  and 
rock  phosphate  most  of  the  time.  They  were  also  sprayed  with  coal-tar 
creosote  every  two  or  three  weeks  to  keep  them  free  from  lice.  Iq  fact, 
they  received  the  treatment  that  every  farmer  should  give  his  hogs. 
The  hog  usually  receives  the  least  care  and  consideration  of  any 
farm  animal.  It  is  commonly  believed  that  anything  is  good  enough 
for  hogs,  but,  on  the  contrary,  the  hog  will  respond  as  much  to  good 
care  and  treatment  as  any  kind  of  live  stock.  Regularity  in  feeding, 
both  in  time  and  quantity  of  feed,  clean  quarters,  and  freedom  from 
lice  are  three  very  important  factors  that  are  essential  to  successful 
hog  raising;  and  these  were  provided  in  the  experiments  under  con- 
sideration. The  data  here  reported  are  the  results  of  tests  covering 
one  to  four  years.  In  the  alfalfa  pasturing  experiment,  two  lots  of 
hogs  were  used  each  season,  and  in  the  corn  hogging  experiment, 
with  supplemental  feeds,  duplicate  lots  were  used. 

ALFALFA  PASTURING  EXPERIMENTS, 

ALFALFA  PASTURE  SUPPLEMENTED  WITH  A  2  PER  CENT  RA'HON  OF  CORN. 

The  alfalfa  pasturing  experiments  were  begun  in  1913  and  con- 
tinued in  1914  and  1915.  Each  year  a  quarter-acre  plai  wWs  used. 
The  plat  was  divided  into  two  equal  parts  and  the  hogs  were  changed 
from  one  to  the  other  as  the  pasture  became  short.  This  allowed  the 
alfalfa  to  recuperate  and  at  the  same  time  provided  fresh,  palatable 
feed.  It  was  the  plan  to  pasture  the  alfalfa  to  its  full  carrying 
capacity  but  not  to  overgraze.  This  made  it  necessary  to  remove 
some  of  the  hogs  during  the  latter  part  of  the  experiment,  for  as 
the  season  advanced  and  the  nights  became  cool  the  alfalfa  made 
slower  growth  and  at  the  same  time  the  hogs  were  increasing  in  size, 
thus  requiring  more  feed.  A  few  times  during  periods  of  three  or 
four  days  of  cloudy  weather  and  also  during  the  last  month,  when 
alfalfa  was  making  little  growth,  the  plats  were  perhaps  slightly 
overpastured.  As  far  as  could  be  determined,  however,  no  plat  was 
pastured  more  heavily  than  another. 

The  com  was  fed  on  the  ear  during  the  first  period,  and  shelled 
com  was  fed  during  the  second  period.  Ear  com  was  fed  on  the 
ground  and  the  shelled  com  in  a  trough.  The  barley  was  ground  and 
fed  as  a  thick  slop.  Grain  was  fed  once  a  day,  in  the  evening.  It  is 
believed  that  when  fed  grain  but  once  a  day  the  hogs  will  make  more 


Digitized  by 


Google 


4  BULLETIN  488,  U.  S.  DEPARTMENT  OF  AGEICULTUBE. 

use  of  the  pasture  than  when  grain  is  fed  both  morning  and  evening, 
as  is  usually  the  ease.  When  not  fed  until  evening,  the  hogs  become 
hungry  and  will  graze  during  the  -cool  hours  of  the  evening,  even 
after  the  grain  is  eaten.  Again,  if  the  hogs  are  not  fed  grain  in  the 
morning  they  will  stay  out  on  pasture  until  the  heat  of  the  sun  drives 
them  to  shade.  The  method  of  feeding  grain  once  a  day  also  saves 
labor. 

During  the  pasturing  season  two  sets  of  hogs  were  used.  Fall- 
farrowed  shotes  were  used  during  the  first  period  and  spring-far- 
rowed pigs  during  the  second  period.  In  1914  this  plan  was  not  fol- 
lowed strictly,  as  it  was  necessary  to  use  a  few  fall- farrowed  pigs 


Pig.  1. — Five  fall-farrowed  shotes  on  alfalfa  pasture  supplemented  with  a  2.8  per 
cent  ration  of  com  during  the  first  period  in  1913.  These  shotes  in  61  days  gained 
381  pounds  from  one-fourth  of  an  acre  of  alfalfa  pasture  and  1,047  pounds  of  com. 

throughout  the  season,  owing  to  the  loss  of  spring  pigs  from  cholera. 
The  reason  for  using  two  sets  of  hogs  is  that  fall-farrowed  pigs  when 
fed  a  liberal  grain  ration  are  ready  for  market  about  July  15,  and 
April-farrowed  pigs  are  not  large  enough  to  utilize  the  pasture  much 
before  that  date. 

EXPERIMENTS   IN    1013. 

Five  thrifty  fall-farrowed  shotes,  weighing  a  total  of  544  pounds, 
were  turned  on  a  quarter-acre  plat  of  second-year  alfalfa  on  May  2. 
The  five  shotes  were  all  the  plat  would  carry.  They  were  removed 
from  the  plat  on  July  2,  when  they  weighed  a  total  of  925  pounds, 
having  gained  381  pounds  during  the  61  days  they  were  on  the  plat 
While  on  pasture  these  hogs  were  fed  1,047  pounds  of  com,  at  the 
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rate  of  approximately  2.3  pounds  daily  for  each  100  pounds  of  live 
weight.    Figure  1  shows  the  five  shotes  on  alfalfa  pasture. 

On  July  6,  eight  spring  pigs,  weighing  a  total  of  273  poimds,  were 
put  on  the  alfalfa  plat  from  which  the  previous  lot  had  been  removed. 
It  was  soon  apparent  that  these  eight  pigs  would  not  keep  the  pasture 
fed  down,  and  on  July  20  four  more,  weighing  a  total  of  139  pounds, 
were  added.  All  12  pigs  were  unable  to  keep  the  pasture  fed  down 
during  the  early  part  of  the  period,  so  that  it  -was  necessary  to  clip 
the  alfalfa  once  on  each  half  of  the  plat.  The  12  pigs  were  kept  on 
this  plat  imtil  September  10,  when  6  were  removed,  the  other  6 
remaining  imtil  September  80.  During  September,  however,  the  pas- 
ture made  but  little  growth  and  the  6  pigs  gained  only  59  pounds 
during  the  20-day  period.  While  on  the  alfalfa  pasture,  the  hogs 
gained  a  total  of  697  pounds  from  the  quarter-acre  plat  of  alfalfa 
and  1,267  poimds  of  corn,  the  latter  being  fed  at  the  rate  of  approxi- 
mately 2.3  pounds  daily  for  each  100  pounds  of  live  weight. 

The  results  secured  in  1913  with  these  two  lots  of  hogs  on  alfalfa 
pasture  are  summarized  in  Table  I,  in  which  the  data  have  been 
calculated  to  an  acre  basis. 

Tabu:  I. — Results  obtained  by  feeding  two  lots  of  hogs  on  alfalfa  pasture,  sup- 
plemented with  approximately  a  2  per  cent  corn  ration,  at  the  Bcottsbluff 
Experiment  Farm  in  1913. 


Items  of  comparisan. 


Number  of  hogs '. 

Total  gain  per  acre pounds. 

Average  daily  gain  per  acre do. . . 

Com  fed ^ do... 

Grain  per  pound  of  gaM —  do . . . 

Gain  per  100  pounds  of  grain .do... 

Flnandal  statement: 

Net  returns  per  acre  of  pasture 

Daily  net  returns  per  acre  of  pasture. 

Cost  per  100  pounds  of  gain  (pasture  at  $15  per  acre) 

Equivalent  paid  for  hay,  per  ton 


First 
period. 


Second 
period. 


1.524 

ks 

4,188 
2.75 
36.4 


S61.88 

1.01 

3.25 

33.63 


48 
2.428 

28.2 
6,068 

2.09 
40.8 


$115.72 

1.35 

2.64 

32.07 


Entire 


3,962 

ki 

9,250 

2.34 

42.7 


$177.60 
1.17 


32.86 


A  very  important  fact  shown  in  Table  I  is  the  large  number  of 
hogs  carried  per  acre  of  alfalfa  pasture.  From  May  1  to  July  2  the 
carrying  capacity  of  an  acre  was  at  the  rate  of  20  hogs  with  an  aver- 
age initial  weight  of  108.9  pounds,  and  frwn  July  20  to  September 
10  the  carrying  capacity  was  at  the  rate  of  48  hogs  with  an  average 
initial  weight  of  39.8  pounds.  The  total  final  weight  of  the  first  lot 
was  3,700  pounds,  whereas  the  total  initial  weight  of  the  second  lot 
was  only  1,900  pounds.  This  shows  that  the  smaller  the  hogs  the 
less  total  live  weight  the  pasture  will  carry;  that  is  to  say,  twenty 
25-pound  pigs  will  require  more  pasture  than  an  equal  weight  of 
100-pound  shotes. 
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From  a  farmer's  standpoint  a  very  significant  fact  shown  in  Table 
I  is  the  high  return  per  acre  of  alfalfa  pasture  after  the  value  of 
the  com  fed  is  deduct<»d  from  the  value  of  the  gains.  With  the  first 
lot  this  was  $61.88  and  with  the  second  lot  $115.72,  or  a  total  of 
$177.60  per  acre  for  the  season.  If  it  is  assumed  that  the  value  of 
the  labor  necessary  to  care  for  the  pigs  is  equal  to  the  cost  of  harve^- 
ing  the  hay  crop,  the  hogs  paid  an  equivalent  of  $33.63  a  ton  for  the 
first  cutting  and  $32.07  a  ton  for  the  second  and  third  cuttings.  This 
estimate  is  based  on  the  assumption  that  the  pastured  plat  would 
have  produced  hay  at  the  same  rate  as  the  average  of  11  similar  plats 
in  the  same  field.  On  the  North  Platte  project  $6  a  ton  in  the  stack 
is  considered  a  good  price  for  alfalfa  hay.  Considering  these  facts, 
the  high  value  of  hogs  as  a  means  of  marketing  alfalfa  is  clearly  ap- 
parent. It  required  2.75  pounds  of  com  for  the  first  lot  and  2.09 
pounds  for  the  second  lot  for  each  poimd  of  gain  made.  With  al- 
falfa pasture  valued  at  $15  per  acre  for  the  season  ($6  for  the  first 
period  and  $10  for  the  second)  and  com  at  $1.07  per  hundredweight, 
each  100  pounds  of  gain  in  the  first  lot  cost  $3.25  and  in  the  second 
lot  $2.64,  or  an  average  of  $2.88  for  the  two  lots.  This  emphasizes 
(he  value  of  alfalfa  pasture  as  a  hog  feed. 

AVEBAGB  OF  THREE  YEABS'  BESULT8. 

Substantially  the  same  methods  were  followed  in  1914  and  1915 
as  in  1913,  as  outlined  above.  Each  year,  fall-farrowed  pigs  were 
used  in  the  first  period  and  spring-farrowed  pigs  in  the  second 
period,  except  in  1914,  when,  because  of  losses  from  cholera,  it  was 
necessary  to  use  fall  pigs  during  the  entire  season.  In  1915  there 
were  two  lots  receiving  the  2  per  cent  com  ration,  so  that  during  the 
three  years  there  have  been  eight  lots  in  all,  four  in  each  pasturing 
period.  The  results  of  the  three  years'  tests  with  these  eight  lots 
are  summarized  in  Table  II,  in  which  the  data  have  been  calculated 
to  an  acre  basis. 

Table  II. — Results  obtained  by  feeding  eight  lots  of  pigs  on  alfalfa  pasture^ 
supplemented  with  approximately  a  2  per  cent  com  ration,  at  the  ScottsUm^ 
Experiment  Farm  in  1919,  1914,  and  1915. 


Items  of  oomparison. 


Nambor  of  lots  averaged: , 

Total  gain  per  acre pounds 

Com  fed do.., 

Grain  per  pound  of  gain do. . 

Gain  per  100  pounds  of  grain do.., 

Financial  statement: 

Net  returns  per  acre  of  pasture , 

Cost  per  100  pounds  of  gain  (pasture  at  $15  per  acre) 

Equivalent  paid  for  hay,  per  ton , 


First 
period. 


4 
1,271 
3,671 
2.8S 
34.7 


140.70 
3.30 
22.19 


Second 
period. 


4 

1,910 

4.178 

2L18 

45.9 


$sao6 

2.86 
27.13 


S 

3,  a 

7.844 
i47 
40.S 


$]38L9 
111 
SS.0 
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On  an  acre  basis,  the  four  lots  made  an  average  total  gain  of  1^71 
pounds  during  the  first  period  and  1,910  pounds  during  the  second 
period,  or  a  total  of  3,181  pounds  for  the  season.  During  the  first 
period  the  hogs  were  fed  8,671  pounds  of  com  and  during  the  second 
period  4,173  pounds,  or  a  total  of  7,844  pounds  during  the  season. 
It  required  2.88  pounds  of  com  in  the  fii^  period  and  2.18  pounds 
in  the  second  period,  in  addition  to  the  alfalfa  pasture,  to  produce 
1  pound  of  gain.  For  every  100  pounds  of  com  fed  the  hogs  made 
a  gain  of  34.7  pounds  during  the  first  period  and  45.9  poimds  in  the 
second  period,  or  an  average  of  40.5  pounds  during  the  season. 

With  hogs  at  $7  per  himdredweight  and  com  at  $1.07  per  hundred- 
weight the  net  return  per  acre  of  alfalfa  pasture  was  $49.70  for  the 
first  period  and  $89.05  for  the  second  period,  or  a  total  of  $138.75 
for  the  season.  This  is  equal  to  a  daily  net  return  of  90  cents  an 
acre  for  the  entire  period  of  154  days.  If  a  charge  of  $5  for  the  first 
period  and  $10  for  the  second  period  is  made  for  an  acre  of  alfalfa 
pasture,  the  feed  required  to  produce  100  poimds  of  gain  cost  $3.36 
during  the  first  period,  $2.86  during  the  second  period,  and  $3.11 
for  the  season. 

Alfalfa  plats  similar  to  those  pastured  and  in  the  same  field  have 
each  year  been  harvested  for  hay.  The  three-year  average  yield  of 
these  plats  was  5.52  tons  per  acre,  or  2.24  tons  for  the  first  period 
and  3.28  tons  for  the  second  period  of  pasturing.  On  the  basis  of 
this  yield,  if  it  is  assumed  that  the  cost  of  caring  for  the  hogs  is 
equal  to  the  cost  of  harvesting  the  hay,  the  hogs  in  the  first  period 
paid  $22.19  and  in  the  second  period  $27.13,  or  an  average  for  the 
season  of  $25.13  a  ton  for  alfalfa  hay. 

ALFALFA  PASTURE  WTTH  VARIOUS  GRAIN  SUPPLEMENTS. 

EXFEBIHENT8   IN    1914. 

In  1914  experiments  were  inaugurated  to  secure  information  re- 
garding (1)  the  most  economical  quantity  of  com  to  feed  to  hogs  on 
alfalfa  pasture,  (2)  the  relative  efficiency  of  2  per  cent  com  and  2 
per  cent  ground-barley  rations  as  supplements  to  alfalfa  pasture,  and 
(3)  the  carrying  capacity  of  alfalfa  pasture  when  no  supplement  is 
fed. 

The  alfalfa  pastured  in  these  experiments  was  seeded  on  April  6, 
1912,  hay  having  been  harvested  from  the  plats  during  the  seasons 
of  1912  and  1913.  The  yields  of  the  different  plats  during  these 
years  were  very  uniform.  Figure  2  gives  a  view  of  the  alfalfa 
pastui:e  used  in  this  experiment.  The  hogs  uged  during  the  first 
period  were  a  very  inferior  lot.  They  were  a  mixture  of  several 
breeds,  ranging  from  high-grade  Berkshires  to  scmbs  and  varying 
in  size  from  50  to  160  pounds. 
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These  hogs  were  put  on  alfalfa  pasture,  with  a  small  ration  of 
grain,  for  about  a  week  after  they  were  received  at  the  farm.  They 
were  then  weighed,  ear  tagged,  and  divided  into  lots  which  were  as 
uniform  as  possible.  The  mean  of  three  consecutive  days'  weighing 
was  taken  as  the  initial  weight.  Each  hog  was  weighed  separately 
and  individual  weights  were  kept  of  each  throughout  the  experiment 
Lot  1  received  no  grain;  lot  2  received  a  1  per  cent  ration  of  com: 
lot  3  received  2  per  cent  corn ;  lot  4,  2  per  cent  barley ;  and  lot  5.  3 
per  cent  corn. 

Shortly  after  the  beginning  of  the  first  period  an  outbreak  of 
cholera  occurred.    Treatment  was  applied  as  soon  as  possible,  but 


Fig.  2. — Tbe  alfalfa  plats  used  in  1014  and  1015  in  the  hog-pastnrlng  experiments  at 
the  Scottsbluff  Experiment  Farm*  showing  the  portable  houses  and  the  method  ol 
dividing  the  pastures. 

the  disease  did  enough  damage  to  affect  the  results  of  the  test 
Nevertheless,  fair  returns  were  secured,  the  net  returns  per  acre  of 
alfalfa  pasture  from  May  3  to  July  2  ranging  from  $18.76,  where 
no  supplement  was  fed,  to  $54.19,  where  the  pasture  was  supple- 
mented with  a  3  per  cent  ration  of  com. 

The  plan  was  to  use  spring- farrowed  pigs  during  the  second  period 
of  the  experiment,  but,  as  a  great  many  of  the  spring  pigs  had  died 
from  cholera,  it  was  necessary  to  select  the  best  of  the  smaller  hogs 
that  had  been  used  during  the  first  period.  No  hogs,  however,  were 
used  from  the  two  lots  which  had  had  no  grain  and  1  per  cent  com. 
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respectively.  The  hogs  used  were  good,  thrifty  stock,  but  were  not 
uniform  in  size,  varying  from  15  to  over  100  pounds  in  weight.  The 
majority  weighed  about  45  pounds.  They  were  divided  into  lots  and 
turned  on  the  alfalfa  pasture  on  July  8.  The  results  obtained  in  the 
first  period  showed  that  the  hogs  which  were  fed  grain  consumed 
less  alfalfa  than  those  which  received  no  grain.  For  this  reason  the 
number  of  hogs  in  the  lots  in  the  second  period  was  increased  in 
accordance  with  the  grain  fed.  The  average  weights  of  the  hogs  in 
the  different  lots  were  fairly  imiform,  at  about  58  poimds.  During 
the  first  two  weeks  of  the  period  it  was  necessary  to  replace  six  pigs 
which  developed  cholera  symptcnns.  Owing  to  these  changes,  the 
average  initial  weight  per  pig  in  lots  1  and  5  was  somewhat  higher 
ihan  the  average  weight  per  pig  in  the  other  lots. 

As  the  hogs  were  weighed  only  every  15  days,  and  as  the  grain 
ration  was  based  on  the  initial  weight  at  the  beginning  of  each  15-day 
period,  with  a  gradual  increase  to  cover  the  estimated  daily  gain,  it 
is  apparent  that  the  hogs  might  be  fed  slightly  more  or  less  than  the 
quantity  planned,  but  the  difference  was  small.  At  the  end  of  the 
experiment  the  total  amoimt  of  grain  actually  fed  was  ascertained 
to  have  been  as  follows :  Lot  2  was  fed  1.1  per  cent  com ;  lot  3  was  fed 
2.06  per  cent  com;  lot  4  was  fed  1.93  per  cent  ground  barley;  and 
lot  5  was  fed  2.64  per  cent  com.    Lot  1  received  no  grain. 

There  were  seven  pigs,  weighing  a  total  of  396  pounds,  in  lot  1  at 
the  beginning  of  the  experiment.  One  pig  died  at  the  end  of  the 
second  month,  and  on  August  22,  when  the  plat  was  becoming  over- 
pastured,  a  hog  weighing  120  pounds  was  taken  out.  On  September  9, 
when  the  growth  of  the  alfalfa  had  become  very  slow,  four  more  pigs 
were  taken  off  the  plat.  The  total  gain  made  by  the  pigs  in  this  lot 
from  July  8  to  October  6  was  102  pounds,  or  408  pounds  per  acre. 
In  lot  2  there  were  eight  pigs,  with  a  total  initial  weight  of  516 
pounds.  On  August  22  one  pig  weighing  119  pounds,  and  on  Septem- 
ber 9  five  more  pigs,  weighing  a  total  of  391  pounds,  were  removed 
l>ecause  the  pasture  was  becoming  overgrazed.  This  lot  made  a  total 
gain  of  252  pounds  from  the  quarter  acre  of  alfalfa  and  495  pounds 
of  com.  In  lot  3,  which  was  fed  2  per  cent  com,  there  were  10  pigs, 
with  a  total  initial  weight  of  573  pounds.  On  August  22  one  pig, 
weighing  126  pounds,  was  taken  out,  and  September  9  six  more,  weigh- 
ing a  total  of  573  pounds,  were  removed,  leaving  three  pigs  with  a  com- 
bined weight  of  305  pounds.  This  lot  was  fed  1,162  pounds  of  com  and 
made  a  total  gain  of  475  pounds.  In  lot  4,  which  was  fed  2  per  cent 
barley,  there  were  10  pigs,  having  a  total  initial  weight  of  561  pounds. 
To  avoid  overpasturing  the  plat,  one  pig,  weighing  92  pounds,  was 
removed  on  August  22,  and  six  pigs,  weighing  a  total  of  439  pounds, 
were  removed  on  September  9.  This  lot  was  fed  1,058  pounds  of 
65731  **— Bull.  488—17 2 
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barley  during  the  period  and  made  435  pounds  of  gain.  In  lot  5, 
which  was  fed  3  per  cent  com,  there  were  11  pigs,  having  a  total 
initial  weight  of  771  pounds.  Owing  to  shortage  of  pasture,  one  pig 
weighing  135  pounds  was  removed  August  22.  On  September  9  six 
more  pigs,  with  a  total  weight  of  589  pounds,  were  removed.  Lot  5 
was  fed  2,202  poimds  of  com  during  the  period  and  made  a  total  gain 
of  735  pounds.    The  experiment  closed  on  October  6. 

Table  III  shows  the  combined  results  of  the  two  periods  of  1914, 
calculated  to  an  acre  basis.  The  results  for  the  first  period  were  not 
what  could  be  expected  imder  favorable  conditions,  since  the  bogs 
used  were  rather  inferior  and  the  outbreak  of  cholera  did  some  dam- 
age. The  hogs  used  during  the  second  period  were  fairly  good  stock 
and  the  results  should  be  fairly  dependable.  It  is  thought  also  that 
the  combined  results  of  the  two  periods  give  a  reliable  indication  of 
the  effects  of  feeding  different  quantities  of  grain,  as  well  as  showing 
what  was  possible  imder  the  conditions  that  prevailed. 

Table  III. — Results  obtained  by  feeding  five  lots  of  hogs  on  alfalfa  patturt^ 
supplemented  with  vartfing  quantities  of  grain,  at  the  Scottshluff  E^perimemt 
Farm  during  two  periods  in  1914. 


Items  of  oompaHson. 


Lotl^no 
gram. 


Lot  2,1 

percent 

oorzL 


Lot  3, 2 

percent 

com. 


Lot  4,3 
percent 
l)arley. 


Lot  5,3 
pert 


Total  gain  per  acre pounds . . 

Averafe  dally  gain  per  acre do... 

Qrainfed do... 

Grain  per  pound  of  gain do..., 

Gain  per  100  pounds  of  grain do... 

Financial  statement: 

Net  returns  per  acre  of  pasture 

Daily  net  returns  per  acre  of  pasture 

Net  returns  for  100  pounds  of  grain  (pasture  at 


678 

4.33 

None. 


1,520 
9.75 

3,505 
2.36 

42.  Z 


3,086 
19.46 
8,206 
2.72 
36.8 


2.780 
17.8a 
7,744 
2.7S 
3&0 


3B.3I 
ZLl 


$47.32 


$47.32  per  acre) 

Cost  per  100  pounds  of  gain 

Equivalent  paid  for  hay ,  per  ton. . 


2.22 

7.22 


$67.93 
.43 

1.64 
3.52 
13.38 


$124.07 
.81 

2.00 
3.41 
19.21 


$117.16 
.75 

1.01 
8.32 
17.86 


L« 


Table  III  shows  the  total  and  daily  gains  for  each  lot  of  hc^s  from 
May  3  to  October  6,  a  period  of  156  days.  The  gains  varied  "with  the 
amount  of  grain  fed.  Lot  1  made  676  poimds  of  gain;  lot  2,  1^20 
pounds;  lot  3,  3,036  pounds;  lot  4',  2,780  pounds;  and  lot  5,  4,416 
pounds.  The  daily  gains  per  acre  as  shown  in  Table  HI  varied  from 
4.33  pounds  in  lot  1,  which  received  no  grain,  to  28.3  pounds  in  lot  5, 
which  received  approximately  a  3  per  cent  ration  of  com.  Lot  5 
made  3,740  pounds  more  gain  per  acre  than  lot  1.  Lot  5  itvbs  fed 
13,352  pounds  of  com,  while  lot  1  received  no  grain.  The  3,750 
pounds  of  gain,  therefore,  can  be  credited  to  the  use  of  13,352 
pounds  of  com ;  that  is  to  say,  each  100  pounds  of  corn  fed  resulted 
in  the  production  of  28  pounds  of  pork,  whereas  when  hogs  are  fed 
com  alone  18  pounds  per  100  pounds  of  com  is  considered  a  satis- 
factory gain.    The  hogs  in  lot  5  paid  $1.96  per  hundredweight  for 
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the  com  fed.  By  this  method  of  calculation  it  can  be  shown  that  lot 
2  paid  $1.64,  lot  3,  $2,  and  lot  4,  $1.91  per  hundredweight  for  the 
grain  fed. 

The  quantity  of  grain  .required  with  alfalfa  pasture  to  produce 
a  pound  of  pork  varied  from  2.36  pounds  in  lot  2  to  3.02  pounds  in 
lot  5,  the  quantity  increasing  with  the  total  quantity  of  grain  fed. 
The  cost  per  100  pounds  of  gain  varied  from  $2.22  in  lot  1  to  $3.61  in 
lot  5.  The  total  and  daily  net  return  per  acre  of  alfalfa  pasture 
increased  with  the  amount  of  grain  fed.  Lot  1,  with  no  grain,  paid 
$47.32  an  acre  for  the  alfalfa  pasture.  This  was  much  more  than  the 
hay  crop  would  have  sold  for  in  the  stack  had  it  been  harvested. 
This  partly  explains  why  many  farmers  are  content  to  carry  hogs 
through  the  summer  on  alfalfa  pasture  with  little  or  no  grain.  After 
paying  for  the  gram  fed,  lot  2  paid  $67.93;  lot  3,  $124.07;  lot  4, 
$117.16 ;  and  lot  5,  $166^5  per  acre  of  alfalfa  pastiire  for  the  season. 
The  daily  net  returns  per  acre  of  alfalfa  increased  from  30  cents 
where  no  grain  was  fed  to  $1.06  where  about  3  per  cent  of  com 
was  fed. 

Five  plats  of  alfalfa  in  the  same  field  where  these  experiments  were 
conducted  yielded  at  the  rate  of  6.56  tons  of  hay  per  acre  in  four  cut- 
tings. On  the  basis  of  this  yield,  if  the  cost  of  harvesting  the  hay 
crop  is  equal  to  the  cost  of  caring  for  the  hogs,  lot  1  paid  $7.22  a  ton 
for  alfalfa  hay;  lot  2  paid  $13.38;  lot  3,  $19.21;  lot  4,  $17.86;  and  lot 
5,  $25.30.  The  manure  left  on  the  land  is  also  of  some  value  and 
should  be  considered  in  favor  of  the  practice  of  pasturing  hogs  on 
alfalfa. 

KXPEBIMENTS  IN  1015. 

The  1914  pasturing  experiments  were  repeated  during  the  summer 
of  1915,  with  the  addition  of  one  more  lot  (3a)  fed  2  per  cent  com. 
These  pasturing  experiments  were  conducted  on  the  same  alfalfa 
plats  that  were  used  in  1914,  with  the  exception  of  one,  lot  3a,  which 
was  on  third-year  alfalfa.  The  same  general  plan  was  followed  in 
1915  as  in  1914,  as  described  above. 

The  1915  season  was  very  backward  and  suffered  many  disadvan- 
tages. The  hogs  were  put  on  pasture  on  April  26.  The  first  two 
weeks  the  hogs  did  well,  but  on  May  18  a  foot  of  snow  fell  and  the 
temperature  dropped  to  29"^  F.  This  made  it  necessary  to  remove 
the  hogs  from  the  plats  for  seven  days,  during  which  time  each  lot 
was  kept  separately  and  fed  the  regular  amount  of  grain.  Again, 
on  August  6,  a  severe  hailstorm  did  a  great  deal  of  damage  to  the 
alfalfa.  The  damage  done  on  the  pasture  plats  was  not  as  great  as 
on  the  plats  which  were  left  for  hay.  There  is  little  doubt  that  the 
hogs  obtained  more  feed  from  the  pastured  plats  than  was  harvested 
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from  the  others.  In  1914  the  average  yield  from  the  harvested  plats 
was  6.58  tons  and  in  1915  only  4.47  tons  per  acre.  The  hogs  used  in 
the  experiments  during  1915  were  of  very  much  better  quality  than 
those  used  in  1914.  This  may  explain  why  the  returns  in  1915,  not- 
withstanding the  damage  done  to  the  alfalfa,  were  equal  to  those  of 
1914. 

The  first  period  extended  from  April  26  to  June  30,  or  a  total  of 
60  days.  The  shotes  used  were  farrowed  during  the  fall  and  late 
summer  of  the  previous  year  and  weighed  an  average  of  108  j>omids 
when  the  experiment  began.  The  pigs  used  during  the  second 
period,  which  began  June  30,  were  pure-bred  Duroc-Jerseys.  They 
were  reared  on  the  experiment  farm,  where  they  were  farrowed  dur- 
ing April  and  the  early  part  of  May.  They  weighed  an  average  of 
33  pounds  when  the  experiment  began.  Though  small,  they  were  in 
good,  thrifty  condition.  When  the  cool  weather  of  autumn  came  on. 
the  alfalfa  made  less  growth,  which  made  it  necessary  to  take  out 
hogs  at  different  times.    The  experiment  closed  September  27. 

Notwithstanding  the  fact  .that  the  summer  of  1915  was  very  back- 
ward and  cool,  the  returns  from  alfalfa  pastures  were  practically 
the  same  as  in  1914.  The  hogs  used  in  1915  were  smaller  and  a  very 
much  better  class  of  stock  than  those  used  in  1914,  when  retun^ 
from  the  first  period  were  reduced  by  cholera.  Better  stock  and 
freedom  from  sickness  in  1915  apparently  offset  the  low  yield  of 
alfalfa  in  that  year.  The  second  period  in  1915  gave  higher  returns 
for  both  grain  and  pasture,  and  also  cheaper  gains  than  were  se- 
cured in  the  first  period.  It  is  generally  true  that  the  smaller  the 
hogs,  other  things  being  equal,  the  more  economical  the  gains. 

A  summary  of  the  results  of  the  two  periods  of  1915  is  given  in 
Table  IV,  in  which  the  data  have  been*  calculated  to  an  acre  basis. 

Table  IV. — Results  obtained  hy  feeding  siit  lots  of  hogs  on  alfalfa  pa*furr, 
supplemented  with  varying  quantities  of  grain,  at  the  ScottsUuff  Experiment 
Farm  during  two  periods  in  1915, 


Items  of  comparison. 

Lot  1,  no 
grata. 

Lot  2,1 

percent 

com. 

Lot  3,  2 

percent 

com. 

Lot  3a,  2 

percent 

com. 

Lot  4.  2 
percent 
Wley. 

Lot  5,2 
pererat 

com. 

Total  gain  per  acre pounds . . 

Average  dally  gain  per  acre do 

Grata  fed do.... 

Grata  per  pound  of  gata                .    do 

613 

4.0 

None. 

1,456 

9.5 

2,752 

1.89 

53.0 

2,976 
19.3 

7,048 
2.53 

39.5 

2,700 
17.9 

6,796 
i.46 

4a7 

4L1 

4.91 

T.9 

12. 1» 

2L» 

Oata  per  100  pounds  of  grata do. . . . 

313 

Ftaancial  statement: 

Net  returns  per  acre  of  pasture 

Daily  net  returns  per  acre  of  pasture. . . 

Net  returns  for  1()0  pounds  of  gram 

(pasture  at  $42.S4  per  acre) 

142.84 
.28 

172.48 
.47 

2.14 

3.06 
16.21 

1132.91 
.86 

2.90 

3.04 
29.54 

112a  49 

.78 

3.21 

3.17 
26.95 

1136.76 
.82 

2.23 

2.97 
28.13 

$170. « 
L» 

2.11 

Cost  per  100  pounds  of  gain  (pasture  at 
$15  per  acre) 

2.45 
9.58 

XV 

Equivalent  paid  for  hay,  per  ton 

3\« 
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For  the  entire  season  of  1915,  as  shown  in  Table  IV,  the  gains  per 
acre  were  as  follows:  Lot  1,  612;  lot  2,  1,456;  lot  3,  2,976;  lot  3a, 
2,760;  lot  4,  2,772;  and  lot  5,  4,292  pounds.  The  lot  that  was  fed  3 
per  cent  com  made  seven  times  as  much  gain  as  the  lot  which  re- 
ceived no  grain.  The  grain  consumed  for  each  pound  of  gain  in- 
creased with  the  grain  ration.  It  required  1.5  times  as  much  grain 
for  each  pound  of  gain  where  a  8  per  cent  com  ration  was  fed  as  it 
did  where  only  a  1  per  cent  com  ration  was  fed.  For  every  100 
pounds  of  grain  fed  the  1  per  cent  corn  lots  gained  53  pounds ;  the 
average  of  the  2  per  cent  grain  lots  was  40.4  pounds;  and  the  3  per 
cent  com  lots  gained  35.3  pounds. 

When  the  gains  made  are  figured  at  $7  per  himdredweight  and  the 
lots  charged  $1.07  per  hundredweight  for  com  and  $1  for  ground 
barley^  the  net  returns  per  acre  for  alfalfa  pasture  were  as  follows : 
Lot  1,  $12.84;  lot  2,  $72.48;  lot  3,  $132.91;  lot  8a,  $120.49;  lot  4, 
$126.76 ;  and  lot  5,  $170.24.  From  April  26  to  September  27,  a  period 
of  154  days,  the  hogs  gave  an  average  daily  net  return  ranging  from 
28  cents,  where  no  grain  was  fed,  to  $1.10,  where  3  per  cent  corn  was 
fed.  At  this  rate  a  10-acre  alfalfa  field  pastured  with  hogs  getting 
a  3  per  cent  ration  of  com  would  pay  $11  net  per  day,  whereas  if  no 
grain  was  fed  the  same  10-acre  field  would  return  only  $2.80  per  day. 
The  no-grain  lot  paid  at  the  rate  of  $42.84  an  acre  for  alfalfa  pas- 
ture. When  the  grain- fed  lots  are  charged  the  same  amount  for  the 
pasture,  they  still  paid  very  liberally  for  the  grain  fed,  as  is  shown  in 
Table  IV. 

The  equivalent  paid  for  hay  by  the  different  lots  greatly  increased 
with  the  grain  ration.  The  no-grain  lot  returned  an  equivalent  of 
$9.58;  the  1  per  cent  lot,  $16;21;  the  average  of  the  2  per  cent  grain 
lots,  $28.21 ;  and  the  3  per  cent  grain  lot  paid  $38.07  per  ton,  or  four 
times  as  much  as  the  no-grain  lot.  This  fact,  together  with  the  high 
price  paid  for  the  grain,  emphasizes  the  advisability  of  feeding  grain 
in  connection  with  alfalfa  pasture  in  order  to  realize  the  highest  re- 
turn from  both  the  grain  and  the  alfalfa  crops. 

SUMMABY  OF  THE  TWO  YEABS'   KE8ULT8. 

The  results  of  the  experiments  in  1914  and  1915  with  alfalfa  pas- 
ture and  various  grain  supplements  are  summarized  in  Table.  V. 
As  two  lots  of  hogs  were  used  each  year  in  each  part  of  the  test,  the 
figures  in  Table  V  show  the  average  of  the  results  secured  from  four 
lots  of  hogs  in  each  instance.  The  figures  haA^e  been  calculated  to  an 
acre  basis. 

The  results  of  two  years'  work  show  that  hogs  on  alfalfa  pasture 
without  grain  produced  an  average  of  644  pounds  of  gain  per  acre. 
The  same  area  of  pasture,  with  the  addition  of  3,174  pounds  of  corn, 
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produced  1,488  pounds  of  gain.  Where  7,657  pounds  of  com  was  fed 
the  gain  was  3,00G  pounds;  where  7,236  pounds  of  ground  barley  was 
fed  the  gain  was  2,776  pounds,  and  Avhere  12,760  pounds  of  com  sup- 
plemented the  alfalfa  pasture,  the  gain  was  4,354  pounds  per  acre 
of  pasture.  With  this  information  the  farmer  can  apply  prices 
that  suit  his  own  particular  condition  and  determine  the  most  eco- 
nomical quantity  of  grain  to  feed. 

Tablk  V. — Rcftultft  obtained  by  feeding  hogs  on  alfalfa  pasture^  supplemented 
with  varying  quantitu'H  of  grain,  at  the  Scottsbluff  Experiment  Farm  in  191i 
and  1915. 


Items  of  comparison. 


Total  gain  per  acre pounds. . 

Average  daily  pain  per  acre do. . . . 

Grain  fed do.... 

Grain  per  pound  of  gain do. . . . 

(Jain  per  100  pounds  of  grain do 

Financial  statement: 

Net  returns  per  acre  of  pasture 

Daily  net  returns  per  acre  of  pasture 

Net  returns  for  100  pounds  of  grain  (pasture  at 

$45.08  per  acre) 

Cost  per  100  pounds  of  gain  (pasture  at  115  per 

acre) 

Kquivalent  paid  for  hay,  per  ton 


Ix)tl, 

no 
grain. 


644 
4.1 


$45.08 
.29 


2.33 
K.16 


Lot  2,1 

percent 

corn. 


1,488 

9.6 

3,174 

2.11 

47.4 


$70.20 
.45 

1.88 

3.29 
12.71 


Lot  3,  2 

percent 

com. 


3,006 
19.3 

7,657 
k63 

38.0 


$128.49 
.83 

2.16 

3.22 
23.25 


Lot  4.  2 
percent 
Darley. 


2,776 
17.9 

7,236 
2.61 

38.3 


$121.90 
.79 

2.06 

3.14 
22.10 


Lot  5,3 

percent 

com. 


4,354 

12,760 

2.93 

34.1 


$168.85 
LOB 


^09 


S.48 

10.48 


Two  years'  results  show  that  more  pasture  is  required  when  no 
grain  is  fed  and  that  as  the  grain  ration  is  increased  the  area  of  pas- 
ture required  is  decreased.  The  areas  required  when  no  grain,  1  per 
cent  grain,  2  per  cent  grain,  and  3  per  cent  grain  were  fed  were  ap- 
proximately as  5,  4,  3,  and  2,  respectively. 

For  every  100  pounds  of  grain  fed,  lot  2  made  47.4  pounds  of  gain; 
lot  3,  38  pounds;  lot  4,  38.3  pounds;  and  lot  5,  34.1  pounds.  The 
higher  the  grain  ration  the  lower  the  gains  per  unit  of  grain  fed. 
Also,  the  lower  the  grain  ration  the  more  pasture  was  required  for 
100  pounds  of  gain. 

With  the  prices  here  used,  the  two-year  average  net  return  per 
aci'e  of  alfalfa  pasture  were  as  follows:  No-grain  lot,  $45.08;  1  per 
cent  corn  lot,  $70.20;  2  per  cent  corn  lot,  $128.49;  2  per  cent  ground 
barley  lot,  $121.96;  and  the  3  per  cent  corn  lot,  $168.25.  The  average 
daily  net  return  per  acre  for  154  days  ranged  from  29  cents,  where 
no  grain  was  fed,  to  $1.08,  when  a  3  per  cent  ration  of  com  was  fed. 

The  two-year  average  net  return  per  acre  of  alfalfa  pasture  from 
lots  3  and  4  show  the  sum  of  $6.43  in  favor  of  com  over  ground 
barley.  It  will  also  be  seen  from  Table  V  that  the  corn  lot  was  fed 
a  little  more  grain  than  the  barley  lot.  Higher  returns  would,  there^ 
fore,  be  expected  from  the  corn-fed  lot,  as  the  results  have  shown  that 
the  net  returns  for  pasture  increase  with  the  grain  ration.  The  dif- 
ference in  net  returns,  therefore,  is  not  enough  to  warrant  the  state- 
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meiit  that  corn  at  $1.07  per  hundredweight  is  cheaper  feed  than 
ground  barley  at  $1  per  hundredweight.  The  average  of  the  two 
years'  results,  and  especially  the  1915  results,  seems  to  indicate  very 
strongly  that,  pound  for  pound,  ground  barley  is  approximately 
equal  to  com  as  feed  for  hogs  in  supplementing  alfalfa  pasture. 

The  two-year  average  net  return  for  alfalfa  pasture  was  $45.08 
where  no  grain  was  fed.  If  the  grain-fed  lots  are  charged  this 
amount  for  pasture,  the  net  returns  for  each  100  pounds  of  grain 
fed  were  as  follows:  1  per  cent  corn  lot,  $1.86;  2  per  cent  com  lot, 
$2.16;  2  per  cent  barley  lot,  $2.06;  and  the  3  per  cent  com  lot,  $2.03. 
It  appears  from  this  that  2  poimds  of  com  per  day  for  each  100 
pounds  of  live  weight  is  the  most  satisfactory  ration  of  corn  for  hogs 


Fia.  a. — Bepresentatiye  hogs  from  the  lots  fed  varying  grain  sapplements  on  alfalfa 
iwsttire  at  the  close  of  the  second  period  in  1914.  From  left  to  right :  No  grain, 
1  per  cent  corn,  2  per  cent  com,  and  3  per  cent  com. 

on  alfalfa  pasture  in  order  to  get  the  highest  return  from  both  the 
com  and  alfalfa  pasture.  This  is  true  when  the  feeder  can  get  only 
a  limited  amoimt  of  com,  but  when  an  abundant  supply  of  com  is 
available  at  not  more  than  $1.07  per  hundredweight,  it  may  be  de- 
sirable to  feed  about  3  pounds  of  corn  to  each  100  poimds  of  live 
weight.  Hogs  fed  a  3  per  cent  ration  of  com  will  make  a  faster 
growth  than  those  fed  a  2  per  cent  ration  and  hence  be  ready  for  the 
market  earlier.  As  a  saving  of  time  lessens  risk  and  also  saves  in- 
terest on  investment,  this  is  a  factor  to  be  considered.  Figure  3 
shows  a  representative  hog  from  the  lot  getting  no  grain,  and  one 
each  from  lots  getting  1  per  cent,  2  per  cent,  and  3  per  cent  of  com 
in  1914. 
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When  a  charge  of  $15  per  acre  is  made  for  the  alfalfa  pasture^  the 
total  cost  per  100  pounds  of  gain  was  as  follows:  No-grain  lot,  $2.33: 
1  per  cent  corn  lot,  $3.29 ;  2  per  cent  com  lot,  $3.22 ;  2  per  cent  barley 
lot,  $3.14;  and  the  3  per  cent  corn  lot,  $3.48.  The  no-grain  lot  made 
gains  for  $1.15  per  hundredweight  less  than  the  3  per  cent  com  lot 
did.  It  might  appear  from  this  that  to  pasture  hogs  on  alfalfa 
without  grain  is  the  best  practice,  but  this  is  not  generally  true, 
because  of  the  much  smaller  returns  of  pork  per  acre. 

Perhaps  the  most  impressive  thing  shown  in  Table  V  is  the  amount 
paid  for  hay  and  its  very  rapid  increase  with  the  increase  in  the  grain 
rations.  The  2-year  average  yield  of  alfalfa  hay  from  the  check 
plats  was  5.52  tons  per  acre.  On  this  basis  and  assuming  that  the 
care  of  the  hogs  is  equal  to  the  cost  of  harvesting  the  hay,  the  no- 
grain  lot  paid  an  equivalent  of  $8.10;  the  1  per  cent  grain  lot  paid 
$12.71;  the  2  per  cent  grain  lots,  an  average  of  $22.67,  and  the  3  per 
cent  grain  lot,  $30.48  a  tcm  for  alfalfa. 

It  seems  certain  that  it  will  pay  the  farmer  to  feed  hogs  on  alfalfa 
pasture  at  least  2  pounds  of  corn  daily  per  100  pounds  of  live  weight. 
By  so  doing  he  will  not  only  get  a  higher  return  from  his  alfalfa, 
but  he  nuiy  expect  also  to  make  a  profit  on  the  corn  fed.  According 
to  these  results,  it  requires  less  capital  for  the  same  net  return  where 
grain  is  fed  than  where  no  grain  is  fed.  When  a  3  per  cent  com 
ration  is  fed  with  alfalfa  pasture,  1  acre  will  produce  as  much  pork 
as  6.5  acres  of  alfalfa  without  gi'ain,  or  a  saving  of  5.5  acres  of  land. 
Again,  when  fed  a  3  per  cent  com  ration  with  alfalfa  pasture,  52 
pigs  will  make  as  much  pork  as  156  pigs  on  alfalfa  pasture  alone. 

ALFALFA  PASTURE  FOR  SOWS  AND  UTTERS. 

The  following  is  a  discussion  of  the  results  obtained  by  pasturing 
sows  and  their  litters  on  alfalfa  pasture.  The  first  experiment  began 
in  the  spring  of  1914,  as  soon  as  the  alfalfa  was  large  enough  to 
pasture,  and  continued  60  days.  There  were  two  sows  and  their 
pigs  in  each  lot.  During  the  first  month  and  a  half  the  quarter-acre 
plat  furnished  plenty  of  pasture,  but  after  that  time  the  pigs  were 
so  large  that  the  pasture  could  not  carry  them  all.  When  the  pigs 
were  large  enough  to  wean,  one  or  both  of  the  sows  were  removed  to 
prevent  overpasturing. 

The  sows  and  pigs  were  fed  daily  approximately  2  pounds  of  com 
for  each  100  pounds  of  the  weight  of  both  sows  and  pigs.  At  first 
the  grain  was  fed  to  the  sows  only,  but  later,  when  the  pigs  began  to 
eat.  they  were  fed  separately.  A  small  opening  was  made  in  the 
dividing  fence,  so  that  the  pigs  could  go  from  one  half  of  the  pasture 
to  the  other.  Both  sows  and  pigs  were  fed  twice  daily,  morning  and 
evening.    There  are  two  ways  of  looking  at  the  results  of  these 
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experiments.  One  is  to  charge  the  pigs  with  only  the  feed  and  the 
other  is  to  charge  the  pigs  with  both  feed  and  the  loss  in  weight  of 
the  sows.    The  second  method  is  used  here. 

In  1&14  two  sows  and  14  pigs  were  put  on  the  alfalfa  pasture  plat 
on  May  4.  On  this  date  the  two  sows  weighed  a  total  of  702  pounds 
and  the  14  pigs  a  total  of  164  pounds.  The  experiment  closed  on  July 
3.  At  this  date  one  sow  still  remained  on  the  plat,  while  the  other  one 
had  been  taken  off  on  'June  19.  The  final  weight  of  the  two  sows  was 
603  pounds,  or  99  pounds  less  than  the  initial  weight.  The  14  pigs 
weighed  a  total  of  636  poimds.  They  had  increased  in  weight  472 
pounds  in  60  days.  The  total  initial  weight  of  the  sows  and  pigs 
was  866  and  their  total  final  weight  1,239  pounds,  or  a  total  increase 
of  373  pounds  for  the  lot.  The  lot  was  fed  1,176  pounds  of  com. 
The  373  pounds  gain  at  $7  per  hundredweight  is  worth  $26.11.  De- 
ducting from  this  the  cost  of  1,176  pounds  of  com  at  $1.07  per  hun- 
dredweight, or  $12.58,  leaves  a  return  of  $13.53  for  one-fourth  acre 
of  alfalfa  pasture  for  60  days,  or  a  daily  return  of  90  cents  per  acre. 
The  sows  and  pigs  ate  3.02  pounds  of  corn  for  each  pound  of  net 
gain.  With  com  at  $1.07  per  hundredweight  and  alfalfa  pasture 
at  $7  an  acre  for  60  days,  100  pounds  of  gain  cost  $3.83.  This  lot 
paid  the  equivalent  of  $19.02  a  ton  for  alfalfa  hay.  A  tabulated 
statement  of  this  lot  is  given  in  the  first  column  of  Tables  VI 
andVn. 

In  the  1915  tests,  which  began  April  27  and  ended  June  26,  there 
were  three  lots  of  two  sows  and  litters  each.  One  lot  was  fed  ground 
barley  and  the  other  two  lots  were  fed  com.  They  were  fed  grain 
at  the  rate  of  about  2  pounds  daily  for  each  100  poimds  of  live 
weight.  In  two  of  the  lots  old  sows  were  used  and  in  the  other  gilts 
were  used.  The  total  initial  weight  of  lot  6,  which  received  ground 
barley,  was  760  pounds.  The  sows  weighed  702  and  the  17  pigs 
58  pounds.  One  sow  was  taken  off  on  June  9.  The  other  remained 
until  the  close  of  the  experiment.  The  total  final  weight  was  1,178 
pounds,  or  a  total  gain  of  418  pounds.  The  sows  lost  28  pounds 
and  the  pigs  gained  446  pounds.  A  total  of  982  pounds  of  ground 
barley  was  fed  to  this  lot.  From  each  100  pounds  of  grain  fed 
this  lot  produced  42.5  pounds  of  gain.  After  paying  $1  per  him- 
dredweight  for  the  barley  fed,  the  lot  still  paid  at  the  rate  of  $1.30 
daily  for  an  acre  of  alfalfa  pasture.  In  lot  7,  which  was  fed  com, 
the  initial  weight  of  the  two  sows  was  873  pounds  and  of  the 
15  pigs  83  pounds,  or  a  total  of  956  pounds.  The  old  sows  were 
taken  off  the  plat  on  June  9.  At  this  date  they  weighed  780  pounds, 
or  93  pounds  less  than  they  did  when  the  experiment  began.  The 
final  weight  of  the  pigs  was  574  pounds,  their  increase  being  491 
pounds.    The  total  increase  in  weight  of  the  lot  was  398  pounds. 
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This  lot  was  fed  1,098  pounds  of  com.  For  each  100  pounds  of  com 
fed  this  lot  gained  365  pounds.  The  daily  net  return  per  acre  of 
pasture  was  $1.09.  In  lot  8,  which  also  received  com,  the  sows  were 
gilts  and  were  much  lighter  than  the  old  sows  in  the  other  two  lot& 
At  the  beginning  of  the  experiment  the  two  sows  weighed  468  pounds, 
and  when  taken  off  the  plat  on  June  9  they  weighed  430  pounds,  a 
loss  of  38  pounds.  The  initial  weight  of  the  15  pigs  was  118  pounds 
and  the  final  weight  541  pounds.  The  total  gain  of  the  lot  was  385 
pounds.  While  on  pasture  this  lot  was  fed  884  pounds  of  com,  the 
lot  producing  43.8  pounds  of  gain  per  100  pounds  of  grain.  On  an 
acre  basis,  the  daily  net  return  for  pasture  was  $1.17. 

The  initial  and  final  weights  for  both  sows  and  pigs,  with  their 
loss  or  gain,  and  the  amount  of  grain  fed  for  the  1914  lot  and  the 
three  1915  lots  are  given  in  Table  VI. 

Table  VI. — Weights  of  the  sows  and  pifjs  and  the  amount  of  Qrain  fed  %rkilr 
on  one-fourth  of  an  aere  of  alfalfa  pasture  for  60  days^  at  the  Scott^btmf 
Experiment  Fartn  in  lOlJi  and  1915. 


Items  of  compaiisoo. 


Number  of  sows 

Number  of  pigs 

Initial  weigh t  of  sows pounds . . 

Initial  weight  of  pigs do 

Final  weight  of  sows do 

Final  weight  of  pigs do 

Loss  by  sows. do 

Gain  bv  pigs. do 

Net  gains do 

Grain  fed do 


1914 


1915 


Lot«,    1    Lot7, 

Com. 

2perceDt  2peroent 

barley.  1    com. 

2 

2 

2 

14 

17 

15 

702 

702 

873 

164 

58 

S3 

603 

674 

780 

63A 

504 

574 

99 

28 

93 

472 

446 

491 

373 

418 

898 

1,176 

962 

t.0« 

2peroai 


3 


m 


so 


m 


As  shown  in  Table  VI,  the  pigs  used  in  1914  were  much  larger  than 
those  used  in  1915,  the  former  being  older  than  the  latter.  If  the  lot 
had  not  been  charged  with  the  loss  in  weight  of  the  sows,  the  results 
would  have  been  still  more  favorable,  especially  in  the  1914  lot  and 
in  lot  7.  In  these  two  lots,  for  some  reason,  the  sows  lost  much  more 
than  in  the  other  two  lots.  More  complete  data  obtained  from 
pasturing  sows  and  their  litters  on  alfalfa  in  1914  and  1915  are  givoi 
in  Table  VII,  in  which  the  results  have  been  computed  to  an  acre 
basis. 

As  shown  in  Table  VII,  the  net  returns  were  hi^er  in  1915  than 
in  1914.  The  average  of  the  four  lots  shows  that  it  required  2.62 
poimds  of  grain  with  alfalfa  pasture  to  produce  1  pound  of  gain,  or 
for  every  100  pounds  of  grain  fed  the*  sows  and  pigs  gained  3Si 
poimds.  The  average  net  return  per  acre  of  alfalfa  pasture  for  ^ 
days  was  $66.84,  or  a  daily  net  return  of  $1.11.  The  lowest  net 
return  for  the  pasture  was  $54.11  and  the  highest  $77.76.  Tht* 
highest  net  return  was  obtained  from  the  lot  fed  ground  barley. 
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Table  VII. — Results  ohiained  by  feeding  ^ows  and  their  Utters  on  alfalfa  pas- 
ture,  supplemented  xcith  a  2  per  cent  ration  of  grain,  at  the  ScottsUuff 
Experiment  Farm  in  1914  ^wd  1915. 


Items  of  oompftrisoQ. 


1914, 
2  per  cent 


Lot  6, 

2peroe] 

barley 


1915 


Lot  7, 
oentt2  per  cent 
com. 


Lots, 

2  per  cent 

com. 


1914  and 

1916, 
average 
of  4  lots. 


Number  of  sows  and  litters 

Average  number  of  pigs  per  Utter 

Average  Initial  wei^t  of  pigs pounds. . 

Average  final  weight  of  pigs do 

Total  gain  per  acre do 

Average  daily  gain  for  lot do 

Total  grain  fed do 

Grain  per  pound  of  gain. do 

Oaln  per  100  pounds  of  grain do 

Financial  statement: 

Net  returns  per  acre  of  pasture 

Daily  net  returns  per  acre  of  pasture 

CcM  per  100  pounds  of  gain  (pasture  at  17  per  acre) . 
Equivalent  paid  for  hay,  per  ton 


8 
7 
11.71 
45.4 
1,492 
24.9 
4,7M 
8.15 
31.7 


8 

8.5 

3.41 

29.6 

1,672 

27.9 

3,928 

2.35 

42.5 


8 

7.5 

5.53 

l»:2 

1,592 

26.5 

4,392 

2.76 

36.2 


8 
7.5 
7.90 
36.1 
1,540 
25.7 
3,536 
2.28 
43.8 


S54.ll 

.90 

3.83 

19.02 


S77.76 

1.30 

2.76 

37.74 


165.52 

1.09 

3.32 

31.80 


160.97 

1.17 

2.91 

33.96 


8 
7.62 
6.95 
37.0 

1,574 
26.2 

4,140 
2.62 

38.2 


166.84 

LU 

3.21 

8a63 


If  the  SOWS  and  pigs  are  charged  $7  per  acre  for  60  days'  use  of 
alfalfa  pasture,  $1.07  per  hundredweight  for  com,  and  $1  per  hun- 
dredweight for  barley,  each  100  pounds  of  gain  cost  an  average  of 
$3.21.  The  gains  on  the  1914  lot  cost  $3.83  per  hundredweight,  while 
the  gains  on  lot  6  (barley)  in  1915  cost  only  $2.76. 

The  average  yield  of  similar  plats  of  alfalfa  during  these  pasturing 
periods  was  2.85  tons  in  1914  and  2.06  tons  in  1915.  If  it  is  assumed 
that  the  pastured  plats  would  have  yielded  the  same,  the  four  lots 
paid  an  average  of  $30.63  a  ton  for  alfalfa  hay  and  the  hogs  did  the 
harvesting  themselves.  Moreover,  by  pasturing  the  alfalfa  it  may 
be  assumed  that  the  fertility  of  the  soil  was  somewhat  increased. 

HOGGING  CORN. 

The  experiments  which  have  been  conducted  with  different  methods 
of  hogging  com  fall  into  two  classes:  (1)  Those  in  which  no  supple- 
ment was  fed  with  the  com  and  (2)  those  in  which  the  hogs  were  pro- 
vided with  some  nitrogenous  feed  while  they  were  in  the  cornfield. 
Experiments  in  which  no  supplements  were  used  have  been  conducted 
for  four  years  and  the  others  for  two  years. 

CORN  WTTHOUT  SUPPLEBIENTART  FEED. 

Each  year  in  the  irrigated  crop-rotation  field,  a  quarter-acre  plat 
of  com  in  a  6-year  rotation  is  fenced  and  the  hogs  are  turned  into 
it  to  harvest  the  crop.  This  experiment  began  in  1912  and  has  been 
continued  each  year.  The  hogs  are  turned  into  the  com  when  it  is 
well  "dented,"  usually  about  September  10.  As  no  supplementary 
feed  is  supplied  and  as  the  weeds  and  volunteer  alfalfa  are  kept  down, 
the  gains  secured  are  made  from  com  alone.    Each  year  since  1912 
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the  com  has  been  grown  on  land  which  had  produced  alfalfa  the 
previous  year.  This  explains  the  difference  in  yields,  as  will  be  indi- 
cated later. 

In  1912  seven  hogs  were  used  in  the  test,  one  old  sow  weighing  384 
pounds  and  six  shotes  with  aii  average  weight  of  72  pounds.  The 
hogs  were  on  the  plat  16  days.  When  removed  the  lot  weighed  974 
pounds,  the  total  gain  having  been  157  pounds.  The  sow  made  a 
daily  gain  of  1.44  pounds,  while  each  shote,  weighing  less  than  one- 
fifth  as  much  as  the  sow,  gained  1.24  pounds  per  day.  In  other  words, 
the  sow  made  0.6  per  cent  daily  gain  and  the  pigs  made  1.51  per  cent 
daily  gain.  The  average  yield  of  five  similar  quarter-acre  plats  of 
corn  in  the  same  field  was  795  pounds.  If  it  is  assumed  that  the 
hogged  plat  yielded  the  same  as  this  average,  the  hogs  paid  $1.38  per 
hundredweight  for  the  com  in  the  field. 

Six  thrifty  shotes,  averaging  92  pounds  each,  were  used  in  1913. 
These  shotes  had  been  on  alfalfa  pasture  with  a  2.3  per  cent  ration 
of  com  during  the  summer.  The  shotes  were  on  the  com  plat  28 
days.  When  they  were  taken  off  they  weighed  800  pounds,  having 
gained  253  pounds.  The  com  yield  was  estimated  at  1,154  pounds. 
On  this  basis  the  hogs  paid  $1.53  per  hundredweight  for  the  com. 

The  six  hogs  used  to  harvest  the  corn  plat  in  1914  were  thin  and 
small.  During  the  summer  two  had  been  on  alfalfa  pasture  without 
grain  and  four  on  alfalfa  pasture  with  a  1  per  cent  com  ration.  Their 
total  initial  weight  was  380  pounds  and  their  total  final  weight  was 
642  pounds.  The  hogs  were  on  the  com  plat  49  days  and  gained  262 
pounds.  The  yield  of  the  corn  plat  was  estimated  at  1,142  pounds. 
On  this  basis  the  hogs  paid  $1.60  per  hundredweight  for  the  com 
in  the  field. 

Three  shotes,  with  a  total  initial  weight  of  224  pounds,  were  used 
in  1915.  Their  final  weight,  after  they  had  been  on  the  plat  for  19 
days,  was  277  pounds,  the  gain  being  53  pounds.  This  poor  return 
was  due  to  the  fact  that  the  com  plat  was  almost  completely  hailed 
out.  The  yield  of  the  plat  was  estimated  at  370  poimds.  In  this  test, 
if  the  estimated  yield  is  correct,  it  required  694  poimds  of  com  to 
produce  100  pounds  of  gain  and  this  gain  cost  $7.43. 

The  results  of  the  four  years'  tests,  computed  to  an  acre  basis,  are 
given  in  Table  VIII.  These  results  are  not  strictly  comparable,  as 
there  were  two  varying  factors.  The  average  initial  weight  of  the 
hogs  varied  from  117  pounds  in  1912  to  63  pounds  in  1914,  and  the 
number  of  days  that  the  hogs  were  on  the  com  varied  from  16  in 
1912  to  49  in  1914.  Small  shotes  will  make  more  gain  than  larger 
hogs  from  a  given  quantity  of  feed.  Hogs  that  have  just  been  taken 
from  alfalfa  pasture  will  make  very  good  gains  for  a  short  period 
on  com  alone,  but  when  fed  com  alone  for  a  long  period  the  gains 
are  not  so  good.    In  other  words,  100  poimds  of  com  will  make  more 
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gain  on  hogs  the  first  week  after  the  hogs  are  taken  off  alfalfa  pasture 
than  the  same  amount  of  com  will  when  fed  to  hogs  that  have  been 
on  com  alone  for  several  weeks.  As  will  be  seen  from  Table  VIII, 
these  two  variable  factors  were  in  direct  opposition  to  each  other; 
that  is,  the  larger  the  hogs  the  shorter  the  feeding  period.  As  the 
com  crop  in  1915  was  seriously  affected  by  haU,  the  results  of  that 
year  are  not  included  in  the  average  shown  in  Table  VIII,  but  they 
are  shown  in  the  last  column  of  the  table  as  a  matter  of  record. 

Table  VIII. — Results  of  flogging  com  toitfu)ut  supplementary  feed  at  the  Bcotts- 
Uuff  Experiment  Farm  in  1912,  1919,  1914,  and  1915, 


Items  of  oompariflon. 


1912 


1913 


1914 


3-year 
average. 


1915 


Number  of  bogs  per  acre 

Number  of  days 

Average  initial  weight pounds.. 

A%'erage  final  weight do 

Total  gain  per  acre do 

Estimated  yield  of  com bushels.. 

Gain  per  100  pounds  of  com pounds.. 

Financial  statement: 

Value  of  gains  per  acre 

Returns  for  100  pounds  of  com 

Cost  per  100  pounds  of  gain  (com  at  S1.07  per 
hundredweight) 


16 

117 

139 

828 

66.1 

20.0 


24 

28 

91 

133 

1.012 

82.6 

21.8 


24 

49 

63 

107 

1,048 

81.9 

22.6 


23 

12 

31 

19 

90 

75 

126 

92 

806 

212 

76.87 

26.2 

21.5 

14.5 

$42.96 
1.38 


5.36 


S70.84 
1.53 


4.81 


173.36 
1.60 


4.67 


165.72 
1.50 


4.95 


S14.84 
1.00 


7.43 


A  short  hogging  period  is  objectionable  from  an  experimental 
standpoint  because  there  are  more  chances  of  error.  For  example,  if 
the  hogs  are  gaunt  at  either  the  initial  or  final  weighing,  20  hogs  on 
a  com  plat  for  1  week  will  give  a  larger  error  than  2  hogs  on  the  same 
plat  for  10  weeks.  The  mean  weight  of  three  consecutive  days'  weigh- 
ing will  not  entirely  eliminate  this  error,  especially  if  the  hogs  are 
left  on  the  com  plat  too  long  and  are  gaunt  at  the  final  weighing. 
Just  how  much  each  of  these  factors  influenced  the  results  shown  in 
Table  VIII  is  uncertain.  There  is  little  doubt  that  the  low  returns 
per  bushel  of  com  in  1912  were  due  to  the  fact  that  the  large  sow 
was  in  the  lot.  The  low  total  gains  and  net  returns  per  acre  in  1912, 
however^  were  due  largely  to  the  low  yield  of  com,  it  having  been 
estimated  at  56.1  bushels  per  acre,  as  compared  with  82.6  and  81.9 
bushels,  respectively,  for  the  two  succeeding  years.  In  computing 
the  cost  of  100  pounds  of  gain,  a  charge  of  $1.07  per  hundredweight 
was  made  for  the  com.  The  results  show  that  this  method  of  utiliz- 
ing com  has  much  to  recommend  it. 

CORN  WITH  SUPPLEMBNTART  FEED. 

To  secure  information  regarding  the  value  of  tankage  and  of 
alfalfa  pasture  as  supplements  to  com  when  hogged  off,  an  experi- 
ment was  conducted  in  duplicate  in  1914  and  1915.  Six  lots  of  hogs 
were  used  each  year,  as  follows:  Lots  1  and  2,  hogged  com  alone; 
lots  3  and  4,  hogged  com  and  had  access  to  an  alfalfa  field ;  and  lots 
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5  and  6,  hogged  com  and  had  what  tankage  they  would  eat.  The 
shotes  used  in  this  experiment  had  been  in  the  alfalfa  pasturing 
experiment  and  were  very  uniform  in  size,  as  will  be  seen  from  the 
weights  given  in  Table  IX. 

Both  years  the  cornfield  to  be  hogged  was  divided  into  six  separate 
fields  of  one-third  acre  each  by  a  fence  of  26-inch  hog  wire  betweoi 
the  corn  rows.  The  cornfield  used  in  1914  was  located  on  a  break  of 
high  land,  where  in  places  the  gravel  came  near  the  surface,  causing 
some  differences  in  the  yield  of  the  different  plats.  The  plats  used 
in  1915  were  more  uniform,  but  the  com,  owing  to  hail  and  frost,  was 
not  as  good  as  the  com  that  was  hogged  the  year  before. 

Each  year  the  yield  of  each  plat  was  estimated  by  counting  all  the 
stalks  of  com  and  harvesting  systematically  the  com  from  100  stalks; 
that  is  to  say,  if  a  plat  had  a  total  of  3,400  stalks,  the  com  was  har- 
vested from  every  thirty-fourth  stalk.  The  harvested  com,  was  dried. 
weighed,  and  returned  to  the  plat  to  be  eaten  by  the  hogs.  The  total 
weight  was  divided  by  100,  to  get  the  average  yield  per  stalk  har- 
vested. This  average  weight  was  then  multiplied  by  the  total  number 
of  stalks  on  the  plat  in  order  to  get  the  yield. 

As  the  low-jrielding  plats  became  cleaned  up,  weighed  quantities 
of  com  were  added,  so  that  all  the  hogs  would  be  kept  on  feed  the 
same  length  of  time.  Enough  com  was  added  as  became  necessair 
so  that  the  hogs  had  corn  before  them  all  the  time.  When  the  last 
lot  had  cleaned  up  its  plat  the  experiment  was  closed.  In  1914  the 
hogs  were  in  the  com  plats  from  September  9  to  November  25,  t 
period  of  77  days.  The  1915  test  began  October  6  and  closed 
November  30,  covering  a  period  of  55  days. 

The  hogs  were  watered  twice  a  day.  Lots  5  and  6  were  fed  tank- 
age when  they  were  watered,  the  tankage  being  fed  as  a  thin  slop. 
The  plats  used  by  lots  3  and  4  opened  into  an  alfalfa  pasture.  The 
hog  house  was  placed  in  the  alfalfa  field,  so  that  the  hogs  would 
have  to  pass  through  the  alfalfa  in  going  to  and  from  the  cornfield. 
All  weeds  and  volunteer  alfalfa  were  removed  from  the  plats  where 
the  hogs  got  com  alone  or  com  and  tankage. 

The  results  secured  with  the  duplicate  lots  each  year  were  rela- 
tively uniform.  In  no  case  were  the  gains  cheaper  or  the  quantity 
of  corn  required  for  100  pounds  of  gain  less  in  the  com  lot  than  in 
the  tankage  lot,  and  in  only  one  tankage  lot  were  they  cheaper  than 
any  pasture  lot.  One  tankage  lot  in  1915,  however,  made  slower 
gains  than  either  of  the  pasture  lots  and  slower  than  one  of  the  com 
lots ;  and  one  com  lot  made  faster  gains  than  one  of  the  pasture  lots 
With  this  exception,  the  results  of  the  duplicate  lots  were  relatively 
the  same.  In  1915  the  hogs  required  more  com  per  100  pounds  of 
gain  than  was  required  in  1914.  This  was  probably  due  to  the 
poorer  quality  of  the  com  in  1915.    The  com  that  was  added  to  the 
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plats  in  1915  had  also  been  badly  damaged  by  hail.  As  the  results 
from  the  1914  experiment  were  almost  identical  with  those  of  the 
1915  experiment,  only  the  2-year  average  will  be  discussed  here. 

Com  alone, — The  corn  hogged  by  the  four  lots  receiving  no  sup- 
plementary feed  was  estimated  as  the  equivalent  of  1,091  pounds  of 
shelled  corn,  and  the  equivalent  of  209  poimds  of  shelled  com  was 
added,  making  a  total  of  1,300  pounds  of  com  consumed.  These  lots 
made  an  average  gain  of  248  pounds.  For  each  100  pounds  of  gain 
they  consumed  524  pounds  of  com,  valued  at  $5.61. 

Com  plus  alfalfa  pasture. — ^At  the  time  of  year  when  com  is 
hogged  alfalfa  makes  slow  growth.  Before  the  experiment  closed, 
the  alfalfa  was  furnishing  but  little  feed.  The  hogs  receiving 
alfalfa  as  a  supplementary  ration  had  access  to  about  the  same  area 
of  alfalfa  pasture  as  was  occupied  by  the  corn  plat.  They  were 
charged  at  the  rate  of  $1  an  acre  for  the  use  of  the  alfalfa  pasture 
after  the  last  cutting.  The  lots  made  a  total  gain  of  310  pounds. 
It  was  estimated  that  they  hogged  1,163  pounds,  and  220  pounds 
were  added  to  the  plat,  making  an  equivalent  of  1,383  pounds  of 
shelled  com  consumed.  It  required  446  pounds  of  com,  supple- 
mented by  alfalfa  pasture,  to  make  100  pounds  of  gain,  which 
cost  $4.88. 

Com  amd  tankage. — The  lot  on  corn  and  tankage  made  343  pounds 
of  gain.  It  was  estimated  that  the  com  plat  yielded  1,038  pounds, 
and  349  pounds  of  com  were  added,  making  a  total  of  1,387  pounds 
consumed.  In  addition  to  the  com,  the  lot  was  fed  100  pounds  of 
tankage.  The  tankage  cost  $3.20  per  hundredweight,  delivered  at 
Mitchell,  Nebr.,  in  500-pound  lots.  For  each  100  pounds  of  gain 
made,  the  hogs  ate  405  pounds  of  com  and  29  pounds  of  tankage. 
The  gains  cost  $5.26  per  100  pounds. 

A  summary  of  the  two  years'  results  of  these  experiments,  calcu- 
lated to  an  acre  basis,  is  given  in  Table  IX. 

Table  IX. — Results  of  hogging  corn,  with  supplementary  feed^  at  the  Scotts- 
hluff  Experiment  Farm  in  1914  and  1915, 


Items  of  comparison. 


Number  of  lots 

Number  of  hogs  per  acre  In  each  test 

Number  of  days 

Average  Initial  weight  per  hog pounds. 

Average  final  weight  per  hog do. . . 

Average  daily  gain  per  hog do. . . 

Total  gain  per  acre do... 

Com  consumed  (estimated  yield  plus  corn  added) do. . . 

Financial  statement: 

Value  of  gains  (at  7  cents  per  pound) 

Cost  of  tankage  (300  pounds,  at  S3.20) 

Charged  for  alEalfo  pasture 

Net  returns  per  100  pounds  of  com 

Cost  per  100  pounds  of  gain  (com  S1.07) 


Com 
only. 


4 

9 

66 

81.7 

164.4 

1.25 

744 

3,900 


S52.08 


1.34 
5.61 


Cora  and 
alfalfa 
pasture. 


4 

0 

66 

81.7 

185.0 

1.57 

930 

4,149 


165.10 


1.00 
1.55 

4.88 


Ck)raand 
tankage. 


4 
9 

66 
81.0 
195.3 
1.73 
1,029 
4,161 


$72.03 
9.60 


1.50 
5.% 
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The  data  given  in  Table  IX  are  the  averages  of  four  lots  in  eadi 
case  and  are  calculated  to  an  acre  basis.  The  hogs  were  on  the  experi- 
ment 77  days  in  1&14  and  55  days  in  1915,  or  an  average  for  the  two 
seasons  of  66  days.  The  average  initial  weight  of  the  shotes  in  the 
different  lots  was  81  pounds,  and  the  average  final  weight  was  164.4 
pounds  for  the  corn-alone  lot,  185  pounds  for  the  pasture  lot,  and 
195.3  pounds  for  the  tankage  lot,  or  1.25,  1.57,  and  1.73  pounds  of 
daily  gains,  respectively.  The  tankage  lot  made  38  per  cent  faster 
gains  than  the  corn-alone  lot  and  10  per  cent  faster  than  the  pasture 
lot.  The  total  gain,  on  an  acre  basis,  was  744  pounds  where  the  hogs 
received  only  com,  930  pounds  where  they  had  access  to  alfalfa  pas- 
ture, and  1,029  pounds  when  fed  300  poimds  of  tankage  in  connection 
with  the  com.  The  net  return  per  100  pounds  of  corn  consumed  wis 
$1.34  where  com  was  fed  alone,  $1.55  where  the  hogs  had  access  to 
alfalfa  pasture,  and  $1.50  when  they  were  fed  tankage.  A  100>pound 
gain  cost  $5.61  in  the  com  lot,  $4.88  in  the  pasture  lot,  and  $5^6  in 
the  tankage  lot. 

From  the  results  of  these  tests  it  appears  that  it  would  be  better 
to  buy  tankage  at  $3.20  per  himdredweight  and  feed  it  to  hags  in 
connection  with  hogged-off  com  than  not  to  supplement  the  corn, 
but  when  the  hogs  can  have  access  to  alfalfa  pasture  it  is  doubtful 
whether  it  would  pay  to  feed  tankage. 

The  chief  advantage  of  hogging  com  is  that  the  farmer  is  spared 
the  expense  of  harvesting  the  crop,  hauling  the  manure  back  to  the 
land,  and  feeding  the  com  to  the  hogs.  A  disadvantage  is  the  coet 
of  fencing.  It  seems  certain  that  hogs  will  make  as  many  pounds  of 
gain  from  a  bushel  of  com  in  the  field  as  they  will  if  the  com  is  har- 
vested and  fed  in  a  dry  lot.  The  question  for  the  farmer  to  decide, 
then,  is  whether  it  is  cheaper  to  harvest  the  crop  and  feed  the  hogs 
in  a  dry  lot  or  to  fence  the  com  and  let  the  hogs  themselves  harvest  it 

SUMMARY. 

Because  of  the  relatively  small  capital  and  short  time  required  to 
get  a  start  in  the  swine  industry  and  because  of  the  high  efficiency 
of  hogs  in  utilizing  certain  field  crops,  swine  production  is  a  specially 
promising  industry  for  irrigation  farmers.  In  order  to  secure  infor- 
mation regarding  methods  of  utilizing  hogs  in  the  disposal  of  certain 
field  crops  produced  on  irrigated  lands,  experiments  were  conduct 
at  the  Scottsbluff  Experiment  Farm  on  the  North  Platte  Keclamation 
Project  in  1912, 1913, 1914,  and  1915. 

In  three  years'  experiments,  including  eight  lots  of  hogs,  in  which 
alfalfa  pasture  was  supplemented  with  a  2  per  cent  ration  of  com, 
an  average  gain  of  3,181  pounds  per  season  was  made  from  an  acre 
of  alfalfa  pasture  and  7,844  pounds  of  com.    It  required  an  average 
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of  2.47  pounds  of  com  in  addition  to  alfalfa  pasture  to  produce 
1  pound  of  pork.  If  the  gains  are  valued  at  7  cents  a  pound  and  com 
at  60  cents  a  bushel,  or  $1.07  a  hundredweight,  the  average  annual 
return  was  $138.75  per  acre  of  alfalfa  pasture.  If  the  com  fed  is 
^^alued  at  60  cents  a  bushel  and  the  alfalfa  pasture  at  $15  an  acre 
the  average  cost  of  100  pounds  of  gain  was  $3.11.  If  the  average 
yield  of  the  alfalfa  plats  in  the  same  field  is  assumed  to  represent 
the  yield  of  the  pastured  plats  the  hogs-paid  an  equivalent  of  $25.13 
per  ton  of  hay. 

In  two  years'  experiments  with  alfalfa  pasture,  with  and  without 
supplemental  feed,  an  average  annual  return  of  $45.08  per  acre  was 
secured  where  no  supplement  was  used,  as  compared  with  $70.20 
where  a  1  per  cent  ration  of  com  was  used — $128.49  from  a  2  per  cent 
ration  of  com — $121.96  from  a  2  per  cent  ration  of  barley,  and 
$168.25  from  a  3  per  cent  ration  of  com.  The  rate  of  gain  and  the 
carrying  capacity  of  the  pasture  increased  with  the  quantity  of 
grain  fed.  Ground  barley  appeared  to  be  as  good,  pound  for  pound, 
as  shelled  com  as  a  feed  for  hogs  on  alfalfa  pasture. 

Sows  and  pigs  on  alfalfa  pasture,  with  a  2  per  cent  ration  of  grain, 
made  an  average  gain  of  1,574  pounds  per  acre  of  alfalfa  pasture 
from  May  1  to  July  1,  or  a  net  return  of  $66.84  per  acre.  When 
com  was  used  the  return  varied  from  $54.11  to  $69.97  per  acre,  and 
when  barley  was  used  the  return  was  $77.76  per  acre. 

In  three  years'  experiments,  hogging  com  without  supplementary 
feed  produced  an  average  of  896  pounds  of  gain,  worth  $65.72  per 
acre,  or  $1.50  per  hundredweight  of  the  estimated  yield  of  com. 

In  two  years'  experiments,  hogging  com  without  supplementary 
feed  produced  an  average  of  744  pounds  of  gain,  worth  $52.08  per 
acre,  as  compared  with  930  pounds  of  gain,  worth  $65.10,  where  the 
hogs  had  access  to  alfalfa  pasture,  and  1,029  pounds  of  gain,  worth 
$72.03,  where  the  hogs  were  fed  tankage  in  addition  to  the  com. 
Where  no  supplementary  feed  was  used  the  hogs  paid  $1.34  per  hun- 
dredweight for  the  estimated  yield  of  com,  as  compared  with  $1.55 
per  hundredweight  where  the  hogs  had  access  to  alfalfa  pasture  and 
$1.50  per  hundredweight  where  tankage  was  used.  The  use  of  either 
alfalfa  or  tankage  resulted  in  more  rapid  and  cheaper  gains  than 
were  secured  where  no  supplementary  feed  was  used. 
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INTRODUCTION. 

A  survey  of  the  State  of  North  Cardina  recently  has  been  made 
in  order  to  determine  the  present  conditions,  possibilities,  and  needs 
of  the  business  of  beekeeping,  with  special  reference  to  the  best 
means  of  supplying  these  needs.  It  seemed  desirable  to  learn  why 
North  Carolina  beekeepers  are  receiving  relatively  small  returns, 
whereas  there  was  a  reascm  to  believe  that  opportunities  for  profit- 
able beekeeping  were  on  eveiy  hand.  This  survey  began  October  1 
and  ended  December  22, 1915. 

In  this  survey,  counties  of  Surrey,  Henderson,  Clay,  Haywood, 
Jackson,  Buncombe,  Madison,  Mitchell,  McDowell,  Iredell,  Ran- 
dolph, Forsyth,  Guilford,  Alamance,  Pamlico,  Beaufort,  Pender, 
Washington,  Martin,  and  Sampson  were  included. 

The  census  figures  for  the  year  1909  show  36,248  farms  reporting 
bees,  with  a  total  number  of  colonies  of  189,178,  thus  giving  the 
State  fourth  rank  for  number  of  colonies  in  the  United  States.  The 
honey  produced  was  valued  at  $211,607  and  the  wax  at  $18,979,  a 
total  valuation  of  $230,586,  which  giv^  the  State  eleventh  rank  in 

NOTB. — ^This  bulletin  treats  particularly  of  beekeeping  conditions  in  Nort^  Carolina,  but 
is  of  interest  to  beekeepers  generally. 

Tlie  author  wishes  to  express  his  appreciation  to  the  beekeepers  visited  for  many  klnd- 
Dcsses,  also  to  the  county  agents,  who  greatly  facilitated  the  work  by  arranging  for 
meetings  of  beekeepers.  He  also  expresses  bfar  appreciation  of  the  aid  furnished  by  Prof. 
Franklin  Sherman,  Jr.,  State  entomologist,  for  data  concerning  beekeepers  and  for  as- 
sistance in  planning  routes. 
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value  of  hive  products.  The  State  ranks  second  in  value  of  wax 
produced.  Tlie  value  of  bees  per  colony  is  reported  at  $2.04.  Atten- 
tion is  called  to  the  fact  that  these  figures  are  not  complete,  as  many  of 
the  bees  in  the  State  are  not  on  farms  and  many  on  farms  evidently 
were  not  reported. 

In  brief,  the  survey  fully  verifies  Prof.  Franklin  Sherman's^ 
statement  that  "  there  is  perhaps  no  other  industry  in  the  State  of 
equal  importance,  and  with  equal  opportunities  for  development, 
which  is  so  disorganized,  so  disconnected,  and  suflPering  so  badly  from 
lack  of  careful  attention  and  better  methods  as  is  the  beekeeping  busi- 
ness." 

No  doubt  bees  have  been  in  North  Carolina  for  a  long  time,  but 
the  business  of  beekeeping  has  received  so  little  attention  that,  except 
in  a  comparatively  few  cases,  absolutely  no  advance  has  been  made. 

PRESENT  CONDITIONS. 

TYPES  OF  HIVES. 

Most  of  the  colonies  of  bees  in  North  Carolina  are  housed  in  hol- 
low logs  or  "  gums."  Some  are  kept  in  upright  box  hives,  "  plank" 
or  "tall  gums,"  and  only  a  small  percentage  are  in  some  type  of 
movable-frame  hive,  locally  called  "  patent  gums."  The  eastern  and 
western  parts  of  the  State  have  the  largest  percentage  of  bees  in  logs, 
while  through  the  central  part  the  majority  of  the  bees  are  in  movable- 
frame  hives.  This  condition  appears  to  be  due  partly  to  the  fact  that 
the  beekeepers  are  slow  to  adopt  new  methods,  particularly  as  in  some 
cases  movable- frame  hives  have  been  tried  with  poor  results,  owing  to 
lack  of  knowledge  necessary  to  get  good  returns.  Beekeeping  as  prac- 
ticed by  most  of  the  beekeepers  is  not  profitable,  and  the  present  re- 
turns by  the  old  methods  are  not  suflScient  to  make  obvious  to  them 
the  desirability  of  an  expenditure  necessary  to  place  the  bees  in  mov- 
able-frame hives. 

Some  are  using  homemade  hives  with  movable  frames,  and,  where 
the  hives  are  made  with  suflScient  accuracy  to  insure  proper  spacing 
of  the  frames,  they  are  giving  satisfactory  results.  White  pine  of 
fair  gi-ade  suitable  for  hives  can  be  had  at  small  cost  in  the  western 
part  and  a  soft  cypress  (white  cypress)  in  the  eastern  part  of  the 
State.  A  considerable  number  of  factory -made  hives  have  been  sent 
into  the  State,  made  of  yellow  pine  of  poor  quality  and  with  the 
frame  spacing  so  inaccurate  as  to  make  proper  manipulation  impos- 
sible.   Best  results  can  not  be  secured  with  such  equipment. 

For  the  most  part  the  population  of  North  Carolina  is  scattered 
and  transportation  is  poor;  hence  there  is  not  the  free  interchange 
of  ideas  which  occurs  in  sections  where  the  population  is  dense. 

1  Sherman,  Franklin,  jr.,  1008.  Beekeeping  In  North  Carolina.  BuUetin  of  N.  C.  Dept. 
of  Agr.»  vol.  29.  no  1. 
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Knowledge  of  improved  methods  of  beekeeping  has  not  reached  the 
majority  of  those  owning  bees.  In  ease  reports  of  good  profits  from 
bees  elsewhere  have  been  received,  these  have  been  so  far  above  the 
amounts  that  are  being  secured  by  the  old  methods  that  the  reports 
have  met  with  little  credence.  In  veiy  few  instances  have  efforts  been 
made  to  secure  like  results. 

RACPS  OF  BEEa 

Almost  all  the  bees  in  the  State  are  Grerman  (black)  hybrids,  prac- 
tically none  being  found  without  some  trace,  however  slight,  of 
Italian  blood.  Numerous  efforts  have  been  made  to  improve  the 
stock  by  introducing  pure  Italian  queens,  but,  with  few  exceptions, 
this  has  produced  bees  which  so  vigorously  resent  disturbance  that 
such  attempts  at  improvement  have  been  discouraged.  Since  the 
color  of  the  bees  in  every  case  has  been  light  yellow,  it  is  quite  likely 
that  there  has  been  some  Cyprian  blood  in  the  stock  secured.  A  few 
apiaries  are  stocked  with  Italians  and  an  effort  is  being  made  to  keep 
them  pure — a  rather  difficult  task,  however,  because  of  the  presence  of 
so  many  wild  hybrid  colonies. 

One  beekeeper  had  used  a  few  colonies  of  Camiolan  bees,  but  has 
discontinued  beekeeping  and  no  data  are  obtainable  regarding  their 
comparative  value  in  North  Carolina. 

SHADE. 

Shade  for  the  hives,  either  natural  or  artificial,  is  considered  by 
almost  all  beekeepers  in  North  Carolina  to  be  necessary  to  avoid 
melting  of  the  combs  in  the  summer.  It  would  be  unnecessary,  how- 
ever, were  it  not  for  the  fact  that  the  entrance  in  the  log  or  plank 
^'  gum''  consists  merely  of  a  few  V-shaped  notches  or  a  small  &lot, 
entirely  inadequate  for  proper  ventilation  of  the  hive  in  hot  weather. 
This  oondusicNi  is  supported  by  cases  in  the  central  and  eastern  parts 
of  the  State,  where  beekeepers  have  provided  large  entrances  and 
have  raised  ttke  hive  from  the  bottom  board  to  allow  abundant  bottom 
ventilation  and  have  dispensed  with  shade  without  harmful  results. 
The  western  part  of  North  Carolina  is  mountainous  and  cooler  in 
summer,  making  extra  ventilation  less  important. 

ARRANGEMENT  OF  mVES. 

In  the  western  part  of  the  State  it  is  the  custom  to  place  the  log 
or  plank  ^  gum  "  on  long  benches  or  on  a  flat  rock,  which  rests  on 
four  stakes  driven  into  the  ground.  In  the  eastern  part,  as  rocks 
are  not  obtainable,  benches  only  are  used.  If  space  will  permit, 
the  placing  of  hives  in  a  single  row  close  together  is  practiced. 
Perhaps  100  "gums"  will  be  foimd  in  one  row.    Aside  from  using 
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natural  shade  when  convenient,  no  attempt  is  made  to  locate  the 
hives  near  natural  windbreaks  or  to  face  them  to  any  particular 
point  of  the  compass. 

SWARMING. 

ITncontrolled  swarming  always  results  in  a  greatly  reduced  honey 
crop.  A  colony  of  bees  kept  together  will  store  more  surplus  honey 
than  will  the  same  bees  divided  by  swarming  into  two  or  more 
colonies,  as  each  swarm  must  use  a  large  amount  of  honey  in  order 
that  they  may  construct  combs  for  the  new  hive.  This  honey  of 
course,  is  lost  to  the  beekeeper.  Further,  this  division  of  the  colony 
into  two,  or  more,  reduces  the  available  force  of  field  bees,  since  it  is 
necassary  that  a  certain  number  remain  constantly  in  each  hive 
properly  to  carry  on  the  hive  work.  It  is  obvious  then  that  when 
the  bees  are  kept  working  together  in  one  hive  less  are  needed  for 
inside  hive  work  and  more  are  available  as  gatherers. 

With  few  exceptions,  no  effort  is  being  made  in  North  Carolina  to 
prevent  or  to  control  swarming,  and  great  numbers  of  swarms  are 
annually  lost  to  the  beekeepers  by  flying  to  the  woods.  Further, 
many  after-swarms  issue,  and  this  weakens  the  parent  colony  so 
that  it  not  only  can  not  produce  surplus  honey,  but  often  it  dies. 
Many  of  the  weak  after-swarms  also  die.  In  many  cases  the  bee- 
keeper has  at  the  end  of  the  season  only  the  first  swarm  to  show  for 
his  labor,  no  honey  having  been  secured  and  both  the  old  colony  and 
the  after-swarms  having  perished.  Beekeepers  boast  of  many  colo- 
nies which  cast  three  swarms,  but  with  these  results.  It  is  obvious 
that  under  these  conditions  a  good  honey  crop  is  impossible. 

WAXMOTH. 

While,  as  is  well  known,  the  larvae  of  the  waxmoth  can  do  no 
damage  in  a  strong,  healthy  colony  of  bees  properly  cared  for,  this 
enemy  is  recognized  by  all  North  Carolina  beekeepers  under  different 
names,  such  as  "  weevil,"  "  fly,"  or  "  worm."  No  adequate  estimate 
can  be  made  of  the  loss  through  its  depredations,  but  it  surely 
amounts  to  a  large  sum.  Since  the  climate  of  North  Carolina  is  not 
so  rigorous  as  that  farther  north,  the  waxmoth  has  opportunities 
to  work  for  a  correspondingly  longer  period  of  the  year.  There  is 
no  climatic  reason,  however,  why  the  ravages  of  this  insect  should 
not  be  stopped.  The  loss  is  due  chiefly  to  excessive  swarming,  or, 
to  be  more  explicit,  to  allowing  after-swarms  to  issue.  This  is  fur- 
ther aggravated  by  the  great  amount  of  German  (black)  blood  in 
the  bees,  since  it  is  generally  admitted  that  black  bees  do  not  repel 
the  waxmoth  as  do  Italians. 

DISEASE. 

American  foulbrood, — Samples  of  this  disease  were  received  by  the 
Bureau  of  Entomology  from  Guilford  County  in  1911  and  from 
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Madison,  Mitchell,  and  Buncombe  Counties  in  1912.  It  was  found 
that  the  sample  from  Buncombe  County  had  been  taken  from  a  ship- 
ment of  bees  from  Kentucky,  in  which  the  trouble  was  at  once 
noticed  and  given  radical  treatment,  and,  so  far  as  can  be  learned, 
the  disease  was  entirely  stamped  out.  In  Guilford  County  the  dis- 
ease has  been  receiving  careful  attention.  The  beekeeper  from  whose 
yard  the  sample  was  sent  has  examined  practically  every  colony  of 
bees  in  the  neighborhood  and  has  found  no  disease  except  in  his 
own  apiary.  There  it  has  been  so  reduced  that  only  two  colonies 
showed  infection  in  1915  and  in  these  it  was  light.  The  infection  in 
Madison  County  is  great  and  that  in  Mitchell  County  is  considerable, 
and  disease  is  spreading  in  both  counties. 

Sacbrood  or  '^pickled  hroodP — ^This  disease  was  observed  in  one 
case.  Since  even  where  some  type  of  movable-frame  hive  is  used 
examination  of  the  brood  nest  is  but  little  practiced,  no  definite  idea 
of  the  extent  of  this  disease  can  be  formed. 

Parcdysia. — ^This  condition  was  reported  a  number  of  times,  and 
always  by  the  better  beekeepers.  This  does  not  indicate  that  it  is 
absent  where  bees  receive  less  care,  but,  it  is  believed,  the  less  careful 
beekeepers  fail  to  observe  closely  or  else  do  not  recognize  the  disease. 
In  one  yard  of  over  100  colonies  the  owner  reports  50  per  cent  of  the 
colonies  affected  by  paralysis  at  some  time  during  the  season.  The 
usual  treatment  is  the  sprinkling  of  sulphur  on  top  of  the  frames  and 
at  the  entrance,  but  with  doubtful  benefits. 

WINTERING. 

Perhaps  no  one  thing  connected  with  successful  beekeeping  is  re- 
ceiving as  little  attention  in  North  Carolina  as  is  protection  for  the 
bees  in  winter  aside  from  that  provided  by  the  hive. 

A  study  of  weather  records  for  Asheville  from  November  1,  1914, 
to  March  81,  1915,  shows  that  a  daily  variation  in.  temperature  of 
20®  F.  is  frequent.  The  maximum  variation  was  40°,  which  occurred 
once,  and  the  minimum  2°,  which  occurred  five  times.  The  maximum 
temperature  during  this  period  was  62**  and  the  minimum  4®.  Five 
times  during  this  period  the  temperature  fell  below  20®,  twenty 
times  below  25®,  and  forty  times  below  30®,  or,  on  an  average,  below 
30®  once  in  three  days.  The  figures  for  Wilmington  are  as  follows : 
Maximum  temperature,  76® ;  minimum  temperature,  20®.  Twice  the 
temperature  was  below  25®  and  below  30®  eight  times.  These  two 
points  are  mentioned,  as  they  probably  represent  the  extremes  of  tem- 
perature in  the  State. 

Only  two  beekepers  in  the  State,  so  far  as  known,  are  providing 
protection  for  the  bees  in  winter,  and  in  these  two  cases  it  is  slight. 
One  beekeeper  places  an  empty  super  filled  with  leaves  over  the 
brood  chamber,  and  the  other  is  using  a  hive  which  takes  a  super  of 
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thin  lumber  inside  an  outer  shell,  and  wh^i  the  supers  are  rcmoTed 
the  shell  is  filled  with  pine  needles,  locally  called  '^  pine  steaw." 

There  is  considerable  evidence  of  the  value  of  tilie  protectioo 
afforded  by  thick  log  "gums"  in  winter.  This  is  to  be  expected, 
since  all  have  walls  2  or  3  inches  thick.  When  the  subject  of  winter 
protection  is  mentioned,  the  North  Carolina  beekeeper  states  that 
the  mildness  of  the  climate  makes  extra  protection  unnecessary.  Its 
value  is  apparent  to  the  best  beekeepers  when  it  is  shown  that  estrt 
packing  will  keep  the  bees  quiet  during  the  season  when  no  nectar 
can  be  gathered,  since  they  all  agree  that  bees  expend  too  muefa 
energy  needlessly  during  this  period. 

QUEEN  REARING. 

There  are  three  queen-rearing  apiaries  in  the  State,  with  a  total 
output  of  from  1,500  to  2,000  Italian  queens  annually.  These  queei- 
breeders  produce  light-colored  bees.  Queen-cells  are  started  in  the 
queenless  side  of  a  colony,  divided  by  queen-excluding  zinc  Both 
small  twin  mating-boxes  and  nuclei  with  full-size  frames  are  used 
for  mating  queens. 

TTPES  OF  HONET. 

There  are  five  distinct  types  of  honey  .produced  in  North  Carolina, 
as  follows:  Bulk  comb-honey^  produced  in  shallow  frames  (5f  inches 
deep),  is  cut  out  and  packed  in  5, 10,  and  15-pound  tin  buckets,  with 
enough  extracted  honey  added  to  fill  up  the  spaces.  Care  is  used  to 
keep  the  queen  out  of  the  storage  combs,  in  order  that  they  may  not 
be  darkened  by  having  bees  reared  in  them.  Combs  containing 
pollen  are  not  permitted  in  honey  of  this  type.  Chunk  honey  is  pro- 
duced in  log  or  box  "  gums  "  and  is  "  robbed  "  from  the  top  of  the 
hive  in  irregular  chunks  after  the  "  head  "  or  top  of  the  "  gum  "  has 
been  removed.  Frequently  the  comb  has  been  darkened  and  tough- 
ened by  having  brood  reared  in  it,  and  much  pollen — *'^  beebread  ^— 
finds  its  way  into  this  product.  No  regular  size  or  shape  of  package 
is  used  for  this  type  of  honey,  the  customer  usually  furnishing  the 
container.  Comb-honey — ^"section  or  box  honey" — ^is  produced  in 
the  commercial  section,  locally  known  as  honey  box  or  pound  sec- 
tion. Extracted  Jumey  is  stored  in  either  deep  or  shallow  frames 
and  is  removed  by  the  honey  extractor  and  packed  in  50-gaIIon  bar- 
rels. Honey  in  this  form  is  secured  unmixed  with  pollen  or  other 
foreign  substances.  Strained  or  "  squeezed  "  Tioney  is  stored  by  tiie 
bees  in  the  log  or  plank  "  gums,"  the  honey  being  obtained  by  killing 
the  bees  with  sulphur  fumes,  cutting  the  combs  from  the  hives,  and 
at  once  mashing  up  the  combs  and  putting  the  mass  in  a  thin  doth 
sack,  so  that  the  honey  can  drip  out.    Sometimes  the  cappings  are 
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remoYed  from  the  combs,  which  are  placed  in  a  slanting  trough, 
and,  after  some  of  the  honey  has  dripped  from  the  combs,  the  residue 
is  pressed  to  remove  the  remainder  of  the  honey.  The  resulting 
product  contains  ccmsiderable  pollen  and  other  foreign  substances. 
It  must  not  be  thought  that  extracted  and  strained  or  squeezed  honey 
are  the  same ;  neither  are  bulk  comb-honey  and  chunk  honey  identical. 

SIZE  OF  CROPS. 

The  number  of  beekeepers  of  all  classes  whose  methods  have  been 
studied  is  suflScient  to  indicate  the  amounts  of  honey  in  the  diflPerent 
forms  now  secured  by  those  who  are  really  giving  the  bees  some  chance 
to  do  what  they  can.  The  average  amount  of  comb-honey  in  sections 
is  given  at  40  pounds  per  colony.  The  amount  secured  in  the  eastern 
part  of  the  State  by  extracting  averages  60  pounds.  The  data  re- 
garding strained  or  squeezed  honey  were  somewhat  indefinite,  being 
given  as  2|  to  6  gallons  or  30  to  72  pounds  per  "  gum."  This  includes 
of  course  the  entire  amount  of  honey  in  the  hive  when  the  colony  is 
killed.  It  is  possible  that  the  custom  of  killing  the  bees  and  taking 
the  honey  in  the  full  moon  in, June  may  result  in  a  smaller  amount 
being  secured  than  if  the  killing  were  left  until  gathering  had  ceased 
in  the  fall.  The  average  production  of  bulk  comb-honey  per  hive  is 
given  as  50  pounds.  These  figures  are  all  conservative,  being  based 
on  a  series  of  years  including  good  and  poor  seasons.  Mention  may  be 
made  of  the  production  of  10  gallons  of  squeezed  honey,  120  pounds 
of  bulk  comb-honey,  or  150  sections  by  a  single  good  colony  in  good 
seasons,  but  while  these  amounts  have  been  secured  in  good  seasons, 
the  figures  given  previously  are  being  duplicated  annually. 

BEESWAX. 

No.  effort  is  made  to  secure  all  the  wax  from  old  combs  and  only 
the  crudest  methods  are  used  in  rendering.  No  wax-press  was  seen 
which  was  capable  of  sufficient  pressure  to  get  most  of  the  wax;  in 
fact  the  only  press  used  is  made  of  two  pieces  of  lumber  hinged  at  one 
end.  The  free  ends  are  brought  together  while  the  sack  containing 
the  hot  material  is  between  the  sticks  near  the  hinged  end.  The  wax 
produced  in  all  parts  of  the  State  is  small  in  quantity,  due  to  ineffi- 
cient methods  of  rendering,  but  it  is  of  good  quality  and  free  from 
foreign  matter. 

Although  the  State  ranks  second  in  the  amount  of  wax  produced, 
this  should  not  be  considered  as  a  favorable  condition,  since  it  resulte 
from  the  practice  of  killing  bees  to  get  the  honey.  With  good  bee- 
keeping the  destruction  of  combs  in  this  way  will  not  be  practiced, 
but  the  total  output  of  wax  will  probably  not  be  decreased  if.  better 
methods  of  rendering  are  employed. 
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VALUE  OF  HONEY  AND  WAX. 

The  prices  received  by  the  beekeeper  for  honey  and  wax  in  North 
Carolina  have  a  wide  range.  In  some  localities  and  for  some  honeys 
the  prices  are  good,  as  compared  with  prices  in  other  parts  of  the 
United  States ;  in  other  places  they  are  entirely  too  low.  The  type  of 
honey  and  care  used  in  production  are  important  factors  in  regulat- 
ing the  price,  but  in  some  cases  no  good  reason  for  the  low  prices  can 
be  given,  except  lack  of  organization  and  distribution.  Failure  to 
learn  the  market  value  is  probably  the  cause  of  the  low  prices  ob- 
tained for  beeswax  in  the  western  part  of  the  State  and  for  comb 
honey  in  the  eastern  part. 

Bulk  comb  honey  and  chunk  honey,  which  are  the  common  typea 
in  the  western  and  central  parts  of  the  State,  have  been  sold  in 
recent  years  by  the  beekeepers  at  12^,  15,  and  20  cents  a  pound,  de- 
pending on  the  quality ;  20  cents  has  been  the  common  price  for  sour- 
wood  or  other  light-colored  and  mild-flavored  honeys,  such  as  bass- 
wood.  Section  comb  honey  in  the  western  and  central  parts  has 
brought  the  producer  15  to  20  cents  a  section,  while  in  the  eastern 
part  only  10  cents  a  section  is  secured,  although  the  product  is  good 
in  color  and  finish.  Extracted  honey  in  50-gallon  barrels  frequently 
sold  for  7J  to  8  cents  a  pound,  while  strained  or  squeezed  honey,  the 
production  of  which  is  principally  in  the  east,  commanded  the  low- 
est price — around  40  cents  wholesale  and  about  $1  a  gallon  retail. 

The  price  of  beeswax  also  has  a  wide  range,  and,  singularly 
enough,  it  is  just  the  reverse  of  honey  prices ;  the  lowe^,  20  cents  a 
pound,  is  paid  the  producer  in  the  western  part  of  the  State  and  28 
to  32  cents  in  the  eastern  part. 

MARKETING  HIVE  PRODUCTS. 

No  more  encouraging  features  can  be  mentioned  than  the  eager- 
ness of  the  market  for  honey,  particularly  through  the  central  and 
western  parts  of  the  State,  and  that  bulk  comb  honey  has  a  ready 
sale  at  good  prices.  The  markets  in  these  localities  prefer  honey  in 
this  form.  While  producers  in  the  eastern  part  received  last  fall 
only  10  cents  a  section  for  their  product,  comb  honey  by  the  car- 
load came  into  the  central  part  of  the  State  from  the  west,  and 
also  some  from  Tennessee  and  Georgia.  With  proper  distribution^ 
the  eastern  producer  could  secure  at  least  15  cents  a  section  for  his 
product,  which  is  the  price  received  for  the  honey  from  outside 
sources. 

Little  honey  is  shipped  from  North  Carolina.  From  the  east  some 
comb  honey  goes  to  Norfolk  and  some  extracted  and  strained  honey  is 
shipped  to  New  York,  but  the  consumption  of  honey  in  the  State 
is  far  above  the  local  production,  and  the  demand  is  therefore  not 
supplied. 
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The  survey  indicates  that  the  demand  for  sourwood  honey  will 
continue  to  be  much  above  the  supply  for  a  long  time,  as  it  has  the 
preferenoe  locally  over  any  other  kind.  When  its  qualities  become 
known  beyond  the  locality  of  production,  the  demand  may  be  greatly 
increased. 

PROFITS  OF  BEEKEEPER. 

The  receipts  from  a  colony  of  bees  range  from  nothing  to  $20  or 
more  per  year.  Such  a  statement  only  shows  what  such  combina- 
tions as  a  good  beekeeper  and  a  good  season  on  the  one  hand,  or  a 
poor  beekeeper  and  a  poor  season  on  the  other,  will  do. 

Careful  inquiry  and  investigation  of  the  amounts  of  honey  secured 
and  the  prices  obtained  by  the  best  producers  of  the  different  types 
of  honeys  show  that  the  receipts  per  colony  from  the  production  of 
comb  honey  is  $6;  of  extracted  honey,  $4.50;  of  strained  honey,  $2.50; 
of  bulk  comb  honey,  $7.50.  It  is  well  to  bear  in  mind  that  these 
returns  are  obtained  only  by  those  who  are  giving  bees  considerable 
attention.  Hundreds  of  those  having  bees  are  receiving  almost 
nothing  from  them,  except  a  little  honey  of  inferior  quality  for 
home  use. 

PROPOUS. 

The  propolis  in  the  swamp  district  of  North  Carolina  is  gray, 
does  not  stain  the  section,  is  not  abundant,  and  is  easily  removed,  all 
of  which  favor  comb-honey  producticm.  It  is  reported  that  this 
propolis  is  gatiiered  from  sweet  gum  (Liquidannbar  styraoifhM)^  and 
when  chewed  it  resembles  chewing  gum. 

LITERATURE. 

Few  of  the  beekeepers  of  North  Carolina  are  making  good  use  of 
the  available  bee  literature ;  in  fact,  few  have  a  book  on  beekeeping 
or  read  a  bee  journal. 

In  1908  Sherman  issued  a  stimulating  bulletin  ^  which  was  ratiier 
widely  distributed  among  the  beekeepers.  This,  so  far  as  known, 
is  the  only  publication  dealing  specifically  with  the  piroblems  of  the 
North  Carolina  beekeeper. 

BEEKEEPERS'  ASSOCIATIONS. 

A  few  years  ago  there  was  a  small  society  of  beekeepers  in  the 
western  part  of  the  State,  but  no  definite  data  on  the  present  status 
of  the  association  could  be  secured.  Inquiry  also  reveals  a  desire 
among  the  more  advanced  beekeepers  for  a  State  organization  of  bee- 
keepers so  that  meetings  can  be  held  and  their  peculiar  problems  dis- 

^  Shennan,  Franklin,  Jr.,  1908.  B«ekeeping  in  North  Carolina.  BulleUn  of  N.  C.  Dept. 
of  Agr.,  Tol.  29,  no.  1. 

Digitized  by  VjOOQIC 


10  BULLETIN  489,  U.  S.  DEPABTMENT  OF  AGBICULTXJBB. 

cussed.  No  doubt  such  an  organization  easily  could  be  effected.  The 
length  of  North  Carolina  and  the  slowness  of  travel  from  east  to  west 
would  make  it  desirable  to  have  some  agreement  whereby  the  meetings 
could  alternate  between  the  eastern  and  western  parts  of  the  State. 

ATTITUDE  OF  BEEKEEPERS  TOWARD  IMPROVED  METHODS. 

One  of  the  hopeful  signs,  if  not  the  most  hopeful  one,  is  the  atti- 
tude of  the  beekeepers  toward  improved  apparatus  and  methods. 
There  is  not  the  self-satisfied  attitude  which  is  often  met  elsewhere 
and  which  is  so  impossible  to  overcome.  There  was  shown  an 
eagerness  to  learn  and  to  make  use  of  the  information  in  cases  where 
certain  simple  manipulations  have  been  explained. 

FOLKLORE. 

Superstitions  regarding  bees  which  formerly  were  common,  sudi 
as  ringing  bells  or  beating  pans  to  cause  a  swarm  to  settle,  ^  teUing 
the  bees"  when  their  owner  dies  so  they  will  not  also  die,  and  a 
belief  that  selling  bees  brings  bad  luck,  were  encoimtered,  as  well  ss 
some  which  were  not  so  common.  Some  beekeepers  will  not  count 
the  hives  for  fear  of  ill  luck.  It  is  said  by  the  superstitious  tiiat  on 
Washington's  birthday  all  the  hives  must  be  slightly  moved  to  ward 
off  ill  luck.  Bees  are  "  robbed  "  by  killing  the  bees  at  the  time  of 
the  full  moon  in  June,  as  it  is  believed  there  is  then  little  "  beebread'' 
in  the  hive.  These  superstitions  will,  of  course,  disappear  with 
better  beekeeping. 

HONET  PLANTS. 

Sherman  already  has  listed  the  main  honey  sources,  although 
probably  gallberry  should  have  been  given  more  prominence  for 
the  eastern  part  of  the  State  bordering  on  the  swamps  and  streams. 

From  the  standpoint  of  nectar-producing  flora  and  consequent 
manipulations  the  State  may  be  divided  into  three  parts — ^western, 
central,  and  eastern — ^without  definite  boundary  lines.  The  leading 
honey  plants  in  these  three  sections  are  sourwood,  clovers,  and  gall- 
berry,  respectively.  Tulip  poplar,  or  "  poplar,"  is  purposely  omitted, 
for,  although  it  is  abundant  and  is  a  good  nectar  producer,  honeys 
from  the  sources  mentioned  above  are  superior  and  bring  a  hi^er 
price  than  does  that  from  tulip  poplar.  It  is  believed  that  the  bee- 
keeper will  do  well  so  to  manipulate  his  colonies  that  they  will  con- 
sume the  honey  from  this  source  in  breeding  and  thus  attain  greater 
strength  for  gathering  the  more  desirable  later  honeys. 

All  through  the  mountainous  and  upper  Piedmont  sections  of  the 
State  sourwood  flourishes  and  is  still  abundant  enough,  in  spite  of 
cutting,  to  be  the  leading  surplus  honey  plant.  Going  eastward,  be- 
cause of  the  increased  clearing  of  land  for  agricultural  operaticms 
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sourwood  gradually  becomes  less  and  clovers,  particularly  crimson 
clover,  become  more  plentiful.  Still  continuing  eastward,  the  cotton 
belt  is  reached,  which  is  perhaps  the  poorest  honey-producing  region 
in  the  State.  Although  cotton  is  reported  as  a  honey  plant,  there  is 
no  definite  information  concerning  this,  and  the  fact  that  there  are 
less  bees  in  this  part  of  the  State  than  in  any  other  is  further  indi- 
cation that  this  region  is  the  least  favorable  for  bees.  This  condi- 
tion, however,  will  probably  be  improved  by  the  more  extensive  use 
of  crimson  clover  as  a  cover-crop  and  the  introduction  of  alsike 
clover.  After  the  cotton  belt  is  passed,  the  low-lying  lands  bor- 
dering the  coast  and  rivers  are  reached,  with  immense  areas  of  gall- 
berry  and  black  and  tupelo  gum,  producing  delicious  honey  in 
abundance.  ' 

Honeydew  is  often  reported,  but  data  on  this  are  very  imsatisf ac- 
tory,  some  reporting  it  as  appearing  in  February. 

Sov/rwood  {Oxydendrwm  arborevm). — Sourwood  is  a  rather 
scraggy  tree  of  varying  height,  seldom  exceeding  30  feet.  It  blos- 
soms profusely  in  July,  and  under  favorable  circumstances  nectar  is 
produced  in  such  abundance  that  it  can  not  possibly  all  be  gathered. 
Nectar  may  be  da^ed  out  by  striking  a  bunch  of  blossoms  in  the 
palm  of  the  hand.  In  addition  to  the  quantity,  sourwood  has  para- 
mount qualities  from  almost  every  viewpoint.  The  honey  is  light 
in  color,  dense,  of  delicious  flavor,  and  slow  to  granulate.  Coming  as 
it  does  about  July  1  to  21,  ample  opportunity  is  given  the  beekeeper 
to  prepare  his  colonies  for  best  work  on  it.  Compared  with  some 
other  honey-producing  plants,  the  season  is  short,  but  by  good  man- 
agement there  is  no  diflSculty  in  securing  a  paying  crop  in  the  bloom- 
ing period. 

Linden  {TUia  sp.). — ^The  well-known  basswood  or  linn  is  not 
abundant  in  the  State,  but  is  found  in  sufficient  abimdance  in  the 
north  coves  of  the  mountains  to  be  of  value  to  near-by  beekeepers.  In 
locations  where  the  Federal  authorities  control,  the  cutting  of  timber, 
the  danger  of  the  entire  removal  of  the  basswood  is  reduced.  The 
honey  from  this  source  is  light  in  color,  of  good  body,  and  has  a 
flavor  which  is  generally  liked. 

Ttdip  poplar  or  poplar  {Liriodendron  tulipifera). — ^Tulip  poplar 
has  a  wider  distribution  than  any  other  source  of  honey  in  North 
Carolina,  and  it  is  unfortunate  that  the  honey  is  dark,  so  that  it  does 
not  command  a  high  price.  However,  the  honey  from  this  source  can 
be  utilized  to  increase  the  output  of  honey  secured  from  better 
sources.'  This  tree  is  found  in  all  parts  of  the  State  except  in  the 
lowlands  of  the  east.  It  blooms  from  May  10-30,  varying  somewhat 
with  differences  in  altitude. 

Clovers  {Trifolium  spp.). — Although  a  number  of  honey-produc- 
ing clovers  are  found  in  the  State,  crimson  clover  {Trifolium  in- 
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camatum)  is  of  most  value  as  a  source  of  nectar  at  present.  Tliis 
plant  is  used  both  as  a  cover  crop  and  for  forage  and  its  use  is  in- 
creasing. There  are  two  varieties  used,  one  having  crimson  and  the 
other  white  blossoms,  the  crimson  blooming  about  14  days  before  the 
white. 

Besides  crimson  clover,  there  is  being  introduced  a  considerable 
amount  of  alsike  clover  {T.  hybrtdum)  which  will  increase  the 
honey  crop.  There  is  also  white  sweet  clover  (MelUotus  alba)  in  a 
few  places,  but  not  yet  enough  to  be  of  value. 

Gallherry  {Ilex  spp.). — Bordering  on  the  swamps  and  rivers  of 
the  east  are  thousands  of  acres  of  gallberry  which  produces  an  abun- 
dance of  nectar,  the  honey  being  light  in  color  and  of  good  body  and 
flavor.  It  is  reported  that  bees  do  not  work  on  the  blossoms  of  this 
plant  before  10  o'clock  in  the  morning.  The  blossoming  period  is 
given  as  May  10  to  June  5. 

Black  and  tupelo  gum  {Nyssa  spp.). — Black  gum  is  abundant  from 
the  center  to  the  eastern  part  of  the  State  and  is  credited  with  much 
good  honey.  Tupelo  gum  (Nyssa  aqiuiiica)  is  confined  principally 
to  the  southeast  and  is  an  important  honey  plant. 

Besides  the  above-mentioned  sources  of  nectar,  there  are  a  number 
of  plants  and  trees  of  value  to  the  beekeeper  because  of  the  pollen 
or  nectar  which  they  produce.  A  list  is  here  given  but  no  claim  is 
made  for  its  completeness.  Cotton  may  also  become  important  as  t 
honey  producer,  as  is  reported  to  be  the  case  farther  south.  How- 
ever this  may  be,  there  are  suflScient  pollen  and  nectar  producing 
plants  in  the  State,  with  the  possible  exception  of  the  cotton  belt,  to 
make  beekeeping  profitable  to  the  person  who  engages  in  beekeeping 
commercially. 

PLANTS  REPORTED  AS  VALUABLE  TO  BEEKEEPERS. 

Elm  {Ulmus  sp.) :  Pollen;  February;  Piedmont  section  and  eastern  part  of 
North  Carolina. 

Alder  {*  Alnua  rugosa)  :  Pollen;  specimen  from  Surry  Ck). ;  February;  through- 
out State. 

Maple  (Acer  spp.) :  Pollen  and  nectar;  March;  throughout  State. 

Wild  plum  {* Prunua  angustifoUa) :  Nectar;  specimen  from  Surry  Co.,  Bfardi; 
western  part  of  North  Carolina. 

Willow  (Salix  sp.) :  Pollen  and  nectar;  April;  throughout  State. 

Deciduous  fruit :  Pollen  and  nectar ;  April ;  throughout  State. 

Redbud  (Cercis  canadensis) :  Nectar ;  April ;  Piedmont  section  and  western  part 
of  State. 

Black  gum  (Nyssa  sylvatica) :  Nectar;  April;  Piedmont  section  and  eastern 
part  of  State. 

Holly  (Ilex  opaca) :  Nectar;  April;  Piedmont  section  and  eastern  part  of  State. 

Rattan  (* Berchemia  scandens) :  Nectar;  specimen  from  Pamlico  Co.;  Maj; 
extreme  eastern  part  of  State. 

Locust  (Rohinia  pseudacacia)  :  Nectar;  May;  western  part  of  State  and  Pied- 
mont section. 
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Grimson  clover  {Trifolium  incamatum)  :  Nectar;  May;  Piedmont  section. 
Hucldeberry  (Qayluasacia  sp.)  or  Blueberry  {VcLccimum  sp.) :  Nectar;  May; 

eastern  part  of  State. 
Tupelo  gum  (*Ny88a  aquatica) :  Nectar;  Specimen  from  Pender  County;  May; 

extreme  eastern  part  of  State. 
Wild  blackberry  {Ruhus  spp.) :  Nectar;  May;  west  and  Piedmont. 
Tulip  poplar,  locally  called  poplar    {lAriodendron  tulipifera) :  Nectar;   May 

10-30 ;  throughout,  except  in  extreme  eastern  part  of  State. 
Pasture  killer,   "rubber  weed"    (*S€necio  aureus):   Nectar;   specimen  from 

Clay  Co. ;  May ;  western  part  of  State. 
Highland  gallberry  (*Ilex  glabra) :  Nectar;  specimen  from  Pamlico  Co.;  May 

15-June  20;  eastern  part  of  State. 
Swamp   gallberry    (*Ilcx   coriacea) :    Nectar;    specimen    from    Pamlico   Co.; 

May  15-June  20;  eastern  part  of  State. 
Persimmon  {Diospyros  virginiana)  :  Nectar;  June;  throughout  State. 
White  clover  (Trifolium  repens)  :  Nectar;  June-July;  western  part  of  State. 
Sweet  bay   i*Persea  pubeacens)  :  Nectar;  specimen  from  Pamlico  Co.;  June; 

eastern  part  of  State. 
Linden,  basswood,  or  linn   (Tilia  sp.) :  Nectar;  July;  north  coves  of  moun- 
tains. 
Sourwood  (*  Oxydendrum  arboreum) :  Nectar;  specimen  from  Surry  Co.;  July 

1-21 ;  Piedmont  region  and  western  part  of  State. 
Rattleweed,   black  cohosh    i*Cimicifuga  racemosa)  :   Nectar;   specimen   from 

Buncombe  Co. ;  July-August ;  western  part  of  State. 
Hercules  club    i*Aralia  spinosa) :  Nectar;   specimen  from  Washington  Co.; 

June-August ;  eastern  part  of  State. 
Sumac  (Rhus  spp.) :  Nectar;  *RhU8  glabra  from  Surry  Co.,  Rhus  copaUina  also 

common;  July;  throughout  State. 
Smartweed  (Polygonum  and  Pcraicaria  spp.)  :  Nectar;  specimen  of  *Persicar%a 

pennaylvanica  from   Henderson   Co. ;    August-September ;   Piedmont   region 

and  western  part  of  State. 
Coralberry,  Indian  currant,  bnckhnsh  (*8ympfioricarpo8  orbictUatus) :  Nectar; 

specimen  from  Alamance  Co. ;  July. 
White   snakeroot    (*Eupatorium   urticaefolium) :    Nectar;    August;    specimen 

from  Buncombe  Co. 
Goldenrod  (Solidago  spp.)  :  Nectar;  *8olidago  altissima  from  Henderson  Co.; 

September;  throughout  State. 
Asters,  ironweed  (Aster  spp.) :  Nectar;  *  Aster  ericoides  from  Surry  Co.;  Sep- 
tember 20  to  frost;  throughout  State. 
Spanish  needle  (Bidens  spp.) :  Nectar;  *Bidens  vulgata  from  Henderson  Co.; 

September ;  Piedmont  region  and  western  part  of  State. 
Stickweed,  feather-edge   (*Ridan  altemifolius) :  Nectar;  specimen  from  Bun- 
combe Co. ;  August  and  September ;  throughout  State. 

POSSIBILITIES  UNDER  NORTH  CAROLINA  CONDITIONS. 

The  possibilities  for  commercial  honey  production  are  already 
great  and  there  is  opportimity  for  them  to  become  greater.  In- 
crease in  the  area  of  land  under  cultivation  will  periiaps  decrease 
the  amount  of  honey  secured  from  some  sources  but,  to  offset  this, 
are  the  activities  of  the  county  agents  and  farmers  who  plan  greatly 

*  Specimens  of  these  plants  were  kindly  determined  by  Mr.  P.  L.  Ricker,  Bureau  of 
Plant  Industry. 
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to  increase  the  planting  of  clovers,  both  as  cover  crops  and  for 
forage,  and  this  naturally  would  result  in  an  increase  in  the  quan- 
tity and  also  in  some  places  the  quality  of  the  honey  crop.  The 
total  sum  of  increased  revenue  to  the  State  which  would  accrue 
from  the  use  of  better  methods,  apparatus,  and  stock  is  so  great  that 
quite  naturally  the  average  beekeeper  does  not  credit  it  Fortunately 
the  returns  of  a  few  of  the  better  beekeepers  are  known,  so  as  to 
permit  a  fair  estimate  of  the  possibilities,  and  some  cases  will  be 
cited. 

In  the  northwestern  part  of  the  State  a  man  and  his  son  operating 
about  500  colonies  in  three  apiaries  secure  an  average  income  per 
colony  of  $5.60  from  bulk  comb-honey.  In  Iredell  County,  from  47 
colonies  in  1913,  a  beekeeper  received  $663  for  his  crop  of  bulk  comb- 
honey.  Near  the  center  of  the  State  a  beekeeper  started  the  season 
of  1915  with  80  colonies,  increased  to  125,  and  secured  5,000  pounds 
of  bulk  comb-honey,  for  which  he  received  more  than  $600.  In  the 
southeastern  part  of  the  State  in  1914  a  producer  owning  160  colonies 
secured  21  fifty-gallon  barrels  of  extracted  honey,  selling  for  nearly 
$900.  In  Alamance  County  23  colonies  in  1915  produced  section  comb- 
honey  yielding  nearly  $9  per  colony,  and  the  care  given  was  practi- 
cally nothing,  except  to  hive  swarms  and  to  put  on  and  remove 
supers. 

Many  cases  like  the  foregoing  may  be  cited,  but  these  indicate  the 
possibilities,  except  that  it  must  be  borne  in  mind — and  this  is  said 
with  no  thought  of  disparagement — that  these  beekeepers,  without 
exception,  are  making  some  error  in  their  work.  They  fail  to  use  full 
sheets  of  foundation,  fail  to  control  swarming,  use  inferior  stock,  or 
neglect  to  give  extra  winter  protection  to  the  hive,  all  of  which  reduce 
the  production  per  colony,  so  that  the  figures  given  above  do  not 
indicate  the  maximum  which  it  is  possible  to  obtain. 

It  is  also  possible  for  those  in  the  western  part  of  the  State  to 
secure  at  least  the  usual  market  price  of  28  cents  instead  of  20  cents 
a  pound  for  their  beeswax,  and  those  in  the  eastern  part  who  are  now 
receiving  but  10  cents  for  their  section  comb-honey  to  receive  at  least 

15  cents,  the  usual  market  price  for  this  grade  of  honey. 

To  show  the  possibilities  more  fully,  the  errors  of  a  few  of  the 
l)est  beekeepers  will  be  pointed  out  in  detail.  The  best  bulk  comb- 
honey  producer  visited  does  not  have  his  colonies  as  strong  as  would 
seem  possible  under  the  existing  conditions  of  the  nectar  supply,  and 
the  resultant  yield  is  lessened.  He  does  not  give  any  extra  winter 
protection  and  this  decreases  the  crop.  The  most  successful 
comb-honey  producer  visited  does  not  use  full  sheets  of  founda- 
tion in  the  brood-chamber,  consequently  enormous  numbers  of 
drones  are  uselessly  reared  and  fed  to  the  detriment  of  the  work-' 
ing  force  of  the  colony,  and  the  surplus  honey  crop  is  reduced.    He 
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is  using  only  one  shallow  hive-body  for  brood-rearing,  hence  swarm- 
ing is  excessive,  and  it  is  impossible  to  rear  in  such  a  hive  a  colony  of 
bees  which  will  get  the  greatest  amount  of  surplus  honey.  The  crop 
of  the  extracted  honey  producer  is  reduced  not  less  than  10  per  cent 
because  of  drone  comb  in  the  brood  chamber,  from  a  failure  to  use 
full  sheets  of  foundation  or  to  sort  combs.  In  neither  case  is  winter 
protection  given.  It  is  impossible  to  estimate  the  loss  sustained  by 
the  producer  of  chunk  honey,  since  no  effort  is  made  to  control 
swarming  and  the  bees  use  up  an  enormous  amount  of  energy  in  this 
profitless  way.  However,  the  bees  in  the  log  ^'  gums,''  because  of  the 
thickness  of  the  walls  of  the  hive  and  the  abundant  stores,  have  better 
winter  protection  than  bees  in  any  other  type  of  hive  used  in  North 
Carolina. 

The  inadequate  census  figures  for  the  year  1909  give  the  total 
colonies  of  bees  on  farms  in  North  Carolina  as  189,178.  This,  how- 
ever, is  far  below  the  total  number  in  the  State.  Estimating  the 
average  production  of  10  poimds  a  colony  at  the  conservative  figure 
of  12^  cents  a  pound,  the  present  annual  income  from  honey  is 
$236,472.  Increasing  this  to  the  conservative  estimate  of  50  pounds 
a  colony,  the  average  production  of  the  better  beekeepers,  gives  an 
annual  estimated  increased  production  of  7,567,120  pounds,  or  an 
increase  in  revenue  of  $945,890.  It  is  difficult  to  estimate  the 
increased  revenue  which  would  accrue  from  proper  rendering  of  wax 
and  from  stopping  the  loss  occurring  through  the  depredations  of  the 
waxmoth. 

Again,  using  the  census  figures  for  1909,  the  annual  output  of  wax 
is  given  as  two-fifths  of  a  pound  per  colony.  With  the  adoption  of 
wax-rendering  methods  now  used  by  the  better  beekeepers,  the  output 
of  wax  per  colony  would  be  doubled,  making  the  increased  revenue 
from  this  source  $18,979.  However,  with  other  beekeeping  methods^ 
the  production  of  wax  may  decrease,  as  it  has  elsewhere.  This 
amoimt  added  to  the  estimated  increase  from  honey  makes  $964,869. 
It  is  obvious,  therefore,  that  with  proper  encouragement  and  direc- 
tion the  beekeeping  industry  of  the  State 'could  in  a  few  years  be 
increased  $1,000,000  annually. 

The  estimate  given  above  is  based  on  the  number  of  bees  now  in 
the  State  according  to  the  census  figures.  It  is  possible  also  to  add 
to  these  numbers  by  more  thorough  stocking  of  the  field,  as  tons  of 
nectar  are  going  to  waste  annually.  Near  the  center  of  Alamance 
County,  for  instance,  in  the  neighborhood  of  Mebane,  there  are  about 
100  colonies,  and  Mr.  E.  C.  Turner,  county  agent  for  the  southern 
half  of  the  county,  who  is  himself  a  beekeeper,  reports  that  practi- 
cally no  bees  are  kept  until  the  extreme  southern  end  of  the  county, 
20  miles  away,  is  reached. 
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NEEDS  OF  THE  BEEKEEPING  INDUSTRY  IN  NORTH  CAROLINA. 

The  greatest  need  of  North  Carolina  beekeepers  is  an  insight  into 
late  and  improved  methods  of  beekeeping.  The  majority  of  bee- 
keepers in  the  State  have  not  had  the  opportunity,  either  by  personal 
contact  with  eflScient  beekeepers  or  from  literature,  to  learn  profit- 
able methods  of  managing  bees.  Education  in  managing  bees  is 
needed  to  secure  the  greatest  amount  of  honey  and  wax  in  the  best 
condition  for  the  market,  thus  giving  the  greatest  returns  to  the 
producer. 

SUMMARY. 

A  careful  study  of  the  situation  and  interviews,  not  only  with  all 
types  of  beekeepers  but  with  those  who  are  striving  to  introduce 
methods  for  greater  production  and  better  distribution  in  other 
branches  of  agriculture,  indicate  that  the  plan  which  gives  most 
promise  for  meeting  these  needs  is  through  personal  contact  of  an 
enthusiastic,  expert  beekeeper. 

Personal  contact  is  necessary,  since  few  beekeepers  in  the  State 
have  learned  the  elementary  principles  of  beekeeping  and  have  a 
foundation  on  which  to  build  successfully.  Therefore  it  is  neces- 
sary, at  the  beginning,  to  meet  beekeepers  personally,  to  learn  their 
difficulties,  to  discover  their  errors,  and  to  suggest  the  proper  man- 
agement. There  is  not  the  confidence  in  beekeeping  as  a  source  of 
revenue  which  is  necessary  for  good  results ;  hence  enthusiasm  must 
be  aroused,  and  this  is  not  done  suflBciently  through  the  printed  page. 
The  manner,  then,  of  supplying  this  need  is  through  an  expert  b^- 
keeper  who  will  work  largely  on  the  lines  followed  by  the  farm 
demonstrators,  not  hesitating,  however,  to  adopt  other  methods 
which  may  present  themselves  to  further  the  work. 

North  Carolina  has  a  large  number  of  bees.  The  pollen  and 
nectar-producing  flora  of  the  State  is  abundant  and  the  honey,  when 
properly  produced,  is  of  high  grade.  There  is  a  good  market  iD 
the  State  for  honey.  Many  more  bees  profitably  could  be  kept  in 
the  State.  Beekeeping  is  a  business  which,  when  well  managed, 
gives  quick  and  excellent  returns.  The  beekeepers  of  North  Caro- 
lina are  now  in  the  proper  attitude  to  accept  and  make  the  best 
use  of  information  which  will  enable  them  to  secure  good  profits 
from  the  bees.  In  view  of  these  facts  it  is  highly  desirable  that  ex- 
tension work  in  beekeeping  be  inaugurated  as  quickly  and  carried 
on  as  vigorously  as  circumstances  will  permit. 
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INTRODUCTION. 

In  the  national  forests  of  Arizona  and  New  Mexico  a  varying  per- 
centage of  the  trees  of  western  yellow  pine  {Pinua  ponderosa)  is 
affected  by  an  xmdescribed  heart-rot,  known  locally  as  red-heart,  red- 
rot,  gray-rot,  top-rot,  and  heart-rot.  The  amount  of  this  rot  present 
varies  materially  with  the  exposure,  slope,  and  soil  on  which  the 
yellow  pine  is  growing,  as  well  as  with  the  age  of  the  timber  itself. 
It  is  the  main  heart-rot  f  oxmd  in  western  yellow  pine  in  Arizona  and 
New  Mexico  and  causes  an  annual  loss  of  thousands  of  dollars. 

This  heart-rot  is  here  called  "western  red-rot"  in  order  to  dis- 
tinguish it  from  the  true  red-heart  or  red-rot,  a  very  similar  heart- 
rot  common  in  many  species  of  conifers  throughout  the  world. 
True  red-rot  or  ring  scale  is  caused  by  Trametes  pini^  while  western 
red-rot  is  produced  by  an  entirely  different  fungus. 

DESCRIPTION  OF  WESTERN  RED-ROT. 

CROSS-SECnONAL  VIEW. 

Western  red-rot  may  show  in  the  end  of  a  freshly  cut  log  any  one 
of  the  following  stages:  (1)  An  early  stage,  in  which  the  heartwood 
is  firm  but  shows  reddish  to  dark-brown  discolored  areas.    Such 
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areas  are  often  fan  shaped  and  radiate  outward  from  the  center  of 
the  log,  like  spokes  from  the  hub  of  fi  wagon  wheel,  or  they  may  be 
isolated  and  occur  anywhere  in  the  heartwood.  (2)  A  more  ad- 
vanced, or  what  might  be  called  an  intermediate  stage,  of  the  rot,  in 
which  the  affected  heartwood  is  whitish  or  grayish  in  color  and  is  so 
disintegrated  that  small  pieces  can  be  pulled  out  The  rotted  wood 
consists  of  soft  white  strands  of  cellulose,  intermixed  with  less  rotted 
wood  particles.  The  rotten  wood  in  this  stage  is  often  so  wet  and 
soggy  that  water  can  be  squeezed  out  of  it.  The  white-rot  or  gray- 
rot  stage  is  usually  in  the  center  of  the  log  and  is  often  surrounded 
by  the  brownish  fanlike  areas  seen  in  the  first  stage  of  the  rot.  (3) 
A  third  or  final  stage  of  the  rot,  in  which  much  of  the  heartwood 
has  been  destroyed,  leaving  the  remainder  in  a  very  brittle,  rotten 
condition,  so  that  it  easily  crumbles  when  handled.  In  this  final 
stage  of  the  rot  all  of  the  cellulose  has  been  absorbed  by  the  fungus, 
while  the  wood  particles  left  are  reddish  to  dark  brown  in  color. 
This  stage  sometimes  occupies  only  a  small  portion  of  the  heartwood 
in  the  center  of  the  log  and  may  be  surrounded  by  one  or  both  of  the 
other  stages. 

LONGrrUDINAL-SECTION  VIEW. 

In  a  longitudinal  section,  as  seen  in  sawed  lumber,  the  different 
stages  of  the  rot  gradually  merge  into  one  another.  In  the  plact 
where  the  fungus  entered  the  tree  will  be  found  the  oldest  stage 
which  the  rot  has  reached  in  that  particular  lesion.  If  the  entire 
lesion  originated  from  only  one  center  of  infection  (one  dead  branch) 
and  the  rot  has  been  in  the  tree  for  many  years,  then  the  three  stages 
described  will  probably  be  represented  in  the  one  lesion,  which  may 
be  anywhere  from  12  to  20  feet  long.  There  will  usually  be  some  6 
to  10  feet  in  the  center  of  the  log  which  belong  to  the  sec<Mid  and 
third  stages  of  the  rot,  while  the  extremities  of  the  rot  lesion  will 
consist  of  the  first  stage  of  the  rot. 

DEVELOPMENT  OF  WESTERN   RED-ROT  IN  THE  TREB. 

This  rot  advances  nearly  as  rapidly  radially  as  it  does  longitu- 
dinally in  the  heartwood  of  the  affected  tree.  Its  radial  development 
in  the  wood  is  rather  peculiar.  From  the  central  cylinder  of  the  n^. 
at  irregular  intervals  along  its  entire  length,  narrow  radial  patches 
of  rot  extend  outward  toward  the  sapwood.  These  radial  patches 
are  the  fanlike  or  spokelike  discolored  areas  on  the  end  of  the  log. 
described  under  the  first  stage  of  the  rot.  The  centers  of  these  radial 
patches  usually  consist  of  whitish  delignified  tissue,  bordered  by  red- 
dish to  dark-brown  areas  of  heartwood  which  have  not  yet  been  (fe- 
lignified  but  are  in  the  early  stages  of  the  rot.  Often  some  of  the 
cellulose  in  the  center  of  these  patches  has  been  entirely  absorbed, 
leaving  small  irregular  cavities  extending  to  the  sapwood. 
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From  these  radial  patches  the  rot  spreads  in  all  directions,  until 
finally  the  entire  heartwood  is  involved.  In  tangential  sections 
these  radial  patches  of  rot  appear  as  irregular  elliptical  reddish  to 
brown  areas  with  white  centers.  These  areas  are  two  to  several 
times  longer  than  broad,  with  their  greatest  diameter  lying  parallel 
with  the  grain  of  the  wood.  There  is  often  a  small  cavity  bordered 
by  the  unabsorbed  remnants  of  the  delignified  tissue  in  the  center  of 
each  rotted  area.  Usually  two  to  six  of  these  discolored  areas  are 
grouped  together,  giving  the  sawed  lumber  a  very  peculiar  appear- 
ance. 

COMPARISON  OF  WESTERN  RED-ROT  AND  TRUE  RED-ROT. 

T\Tien  examining  the  rot  in  the  end  of  a  freshly  cut  pine  log  it 
is  often  difficult  to  determine  whether  it  is  western  red-rot  or  true 
red-rot.  A  longitudinal  view  of  the  rot,  however,  usually  will  settle 
the  question  beyond  any  reasonable  doubt,  since  the  following  con- 
stant characters  are  then  in  evidence:  (1)  True  red-rot,  or  red-heart, 
caused  by  Trametea  piniy  has  many  small  but  sharply  defined  pockets, 
or  cavities,  in  the  heartwood,  lying  parallel  to  the  grain  of  the  wood, 
while  western  red-rot  never  has  these  typical  pockets.  (2)  The 
attacked  wood  in  true  red-rot  is  usually  very  firm,  even  in  the  final 
stage  of  the  rot,  while  western  red-rot  in  its  last  stage  is  much  dis- 
integrated and  easily  crumbles  when  handled.  (3)  The  mycelium 
of  true  red-rot  when  growing  in  heartwood  which  is  more  or  less 
exposed  to  the  air  is  brown,  while  the  mycelium  of  the  western  red- 
rot  is  always  white.  (4)  The  attacked  heartwood  in  true  red-rot 
never  becomes  wet  and  soggy,  as  it  ofte;i  does  in  certain  stages  of 
western  red-rot. 

CAUSE  OF  WESTERN  RED-ROT. 

The  fungus  which  causes  western  red-rot  never  forms  brown, 
woody,  perennial  fruiting  bodies  on  the  boles  of  living  affected  pine 
trees,  as  Trametes  pini  does,  but  forms  annual  fruiting  bodies,  which 
are  usually  developed  as  white  encrusting  layers  on  the  under  side 
of  logs  lying  on  the  ground.  This  fungus  is  also  the  main  agent  in 
rotting  the  sapwood  of  the  cull  logs  and  large  branches  of  the  yellow- 
pine  slash.^ 

The  fruiting  bodies,  or  sporophores,  of  this  fungus,  as  they  occur 
in  Arizona  and  New  Mexico,  are  usually  resupinate,  with  a  hymenial 
lajer  consisting  of  minute  tubes  or  pores.  However,  fruiting  bodies 
have  been  found  which  have  distinct  and  well-formed  pilei.  The 
pileate  form  of  the  fungus  resembles  very  closely  Polyporua  ellisianvs 
{Tyromyces  ellisianus  of  Murrill  in  North  American  Flora);  the 

>  Long,  W.  H.  A  Dew  aspect  of  brush  disposal  in  Arizona  and  New  Mexico.  In  Proc. 
See.  Amer.  Foresters,  v.  10,  no.  4,  p.  883-898.     1915. 
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writer,  however,  does  not  wish  to  call  it  by  this  name  until  the  in- 
vestigations now  under  way  as  to  its  identity  are  completed. 

Lloyd  reports  a  specimen  of  the  same  fungus  from  the  State  of 
Washington,  collected  by  J.  M.  Grant,^  and  refers  it  to  Polyptmu 
ellisianus.  The  writer  (through  the  kindness  of  Mr.  Lloyd)  has  been 
able  to  examine  a  portion  of  the  collection  from  Washington,  and  it 
agrees  in  all  essential  characters  with  the  fungus  which  causes  west- 
ern red-rot  in  Arizona  and  New  Mexica  Concerning  the  host  of  the 
Washington  specimen  Lloyd  writes,  "There  was  no  note  with  the 
specimen  regarding  its  host,  excepting  that  it  grew  on  a  pine  of  some 
kind." 

A  sporophore  of  what  is  apparently  the  western  red-rot  fimgus 
has  b€N3n  examined  from  Idaho. 

Von  Schrenk^  in  1903  published  a  figure  of  a  heart-rot  of  living 
trees  of  Pinus  ponderosa  from  the  Black  Hills  Forest  Reserve  in  South 
Dakota,  which  is  typical  of  the  second  stage  (cross-sectional  view) 
of  this  rot  as  it  occurs  in  yellow  pine  in  New  Mexico  and  Arizona. 
It  is  therefore  highly  probable  that  this  fimgus  is  widely  distributed 
throughout  the  West,  both  as  a  saprophyte  in  slash  and  dead  trees 
and  as  a  heart-rot  in  living  timber.  The  writer  has  examined  a  speci- 
men of  the  same  fungus  collected  in  New  Jersey  on  Finns  sp.  and  one 
of  both  fungus  and  rot  from  Vermont  on  P.  strabvs. 

ENTRANCE  OF  WESTERN  RED-ROT  INTO  LIVING  TREES. 

The  western  red-rot  fungus  enters  the  living  tree  through  dead 
branches  in  the  crown.  It  first  attacks  the  sapwood  of  the  dead 
branch ;  then  the  heartwood.  It  then  travels  down  the  sapwood  and 
heartwood  of  the  dead  branch  into  the  heartwood  of  the  living  tree. 
Once  established  in  the  tree,  the  fimgus  apparently  continues  to  grow 
as  long  as  the  tree  is  alive,  spreading  in  all  directions,  until  often  the 
heartwood  of  the  entire  bole  of  the  tree,  as  well  as  that  of  the  large 
branches,  is  invaded  and  rendered  worthless  for  lumber. 

EXTERNAL  SIGNS  OF  WESTERN  RED-ROT. 

No  external  signs  were  found  which  would  absolutely  determine 
whether  or  not  a  given  standing  yellow-pine  tree  was  defective- 
Trees  having  large  dead  branches  intermixed  with  living  limbs  and 
ragged  and  unhealthy  looking  crowns  were  often  attacked  by  western 
red-rot.  Such  defective  trees  were  usually  located  on  very  thin  soil  on 
steep  south  or  east  slopes,  where  growth  conditions  were  very  poor. 
However,  many  trees  which  showed  no  recognizable  external  evi- 
dences of  decay  were  found  to  have  western  red-rot  when  they  were 
felled. 

»  Lloyd,  C.  G.    Mycologlcal  writings,  v.  4,  letter  no.  60,  p.  4.    1915. 

*  Schrenk,  Hermann  von.  The  "  blning  *'  and  the  *•  red  rot  '*  of  the  western  yellow  pte*. 
with  special  reference  to  the  Black  Hills  forest  reserve.  U.  a  Dept  Agr..  Bnr,  Plist 
Indus.  Bal.  86,  p.  84,  40.  pi.  14,  flg.  2.     1908. 


Digitized  by 


Google 


WESTERN  RED-ROT  IN  PINUS  P0NDER08A.  5 

AREAS  EXAMINED  FOR  WESTERN  RED-ROT. 

Before  marking  an  area  for  cutting  it  should  be  determined 
whether  the  rotation  is  to  be  short,  medium,  or  long.  Often  the 
amount  and  character  of  the  defect  present  in  the  timber  will  be  an 
important  factor  in  determining  what  rotation  is  best  for  the  area  in 
question,  especially  in  stands  of  virgin  timber. 

In  order  to  throw  some  li^t  on  the  presence  of  defects,  especially 
western  red-rot,  in  western  yellow  pine  and  its  probable  influence  on 
the  rotation  period,  studies  were  conducted  on  certain  areas  in  the 
Santa  Fe  National  Forest  where  both  tie  trees  and  saw  timber  were 
being  cut.  The  main  problem  which  demanded  immediate  attention 
was  the  relative  amount  of  rot  present  in  the  black  jack  on  these  areas 
compared  to  that  in  the  yellow  pine.  The  special  areas  examined 
were  located  in  Cienega,  Ocho,  Amole,  Gallegos,  and  La  Junta 
Canyons  and  on  adjacent  mesas,  all  of  which  are  situated  in  the 
Cienega  ranger  district  The  data  given  here  were  obtained  mainly 
from  Cienega,  Ocho,  and  Amole  Canyons  on  areas  which  had  been 
cut  for  hewn  ties.  A  small  area  near  the  Cienega  ranger  station  on 
which  both  ties  and  saw  timber  had  been  cut  was  also  examined  for 
rot.  The  tie  trees  ranged  from  10  to  16  inches,  d.  b.  h.,  while  those 
over  these  diameters  were  saw  timber.  These  areas  were  especially 
suitable  for  a  study  of  this  character,  since  an  unusually  large  per- 
centage of  the  black  jack  (30  to  50  per  cent)  and  nearly  all  of  the 
yellow  pine  (85  to  100  per  cent)  were  being  cut. 

There  are  two  forms  of  western  yellow  pine  called,  respectively, 
black  jack  and  yellow  pine.  Black  jack  is  the  form  which  this  pine 
assumes  before  it  reaches  the  age  of  125  to  150  years.^  During  this 
period  its  bark  is  blackish  to  dark  brown,  with  narrow  furrows,  while 
the  yellow-pine  form  has  lighter  colored,  widely  furrowed  bark. 

NUMBER  AND  KIND  OF  TREES  EXAMINED. 

In  the  vicinity  of  the  Cienega  ranger  station,  1,691  felled  black 
jacks  and  547  felled  yellow-pine  trees  were  examined  for  rot.  In 
addition  to  this,  all  of  the  trees  4  inches,  d.  b.  h.,  and  over  on  a 
sample  strip  1  chain  wide  and  140  chains  long,  located  on  the  mesa 
between  Ocho  and  Cienega  Canyons,  were  tallied  by  the  district 
marking  board  of  the  Forest  Service,  carefully  examined,  and  any 
evidences  of  disease  or  defect  noted.  One  himdred  and  twenty- four 
felled  black  jacks  (10  to  16  inches,  d.  b.  h.)  and  16  felled  yellow 
pines  (12  to  16  inches,  d.  b.  h.)  had  been  cut  for  hewn  ties  on  this 
sample  strip. 

Table  I  shows  the  number  of  sound  and  defective  trees  on  each 
of  the  areas  examined  and  in  a  general  way  the  character  of  the 

^Woolsey,  T.  S.,  Jr.  Western  yellow  pine  in  Arizona  and  New  Mexico.  U.  8.  Dept. 
Agr.»  Forest  Serr.  BaL  101,  64  p.,  Ulnt,  4  pi.    1911. 
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site  on  which  the  trees  were  located.  The  amount  of  butt-rot  (prob- 
ably caused  by  Polyporua  achweinitzii)  present  on  the  areas  ex- 
amined was  so  small  that  it  was  not  included  in  the  table.  This  ex- 
plains any  apparent  discrepancy  between  the  sum  of  the  sound  and 
defective  trees  and  the  total  nimiber  of  trees  listed  in  the  table. 

Table  I. — Data  on  sound  and  defective  felled  trees  of  black  jack  and  yeUow  pime. 


Area. 

Kind  Of  timber. 

Num- 
ber of 
trees. 

Soimd  trees. 

Defective  trves 
(western  red- 
rot). 

Remarks. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
c«nt. 

/Blackjack 

210 
20 

294 
84 

126 
132 

206 
76 

855 
235 

124 
16 

206 
18 

293 
73 

124 
87 

193 
57 

836 
223 

123 
13 

98 
90 

99.66 
86.9 

98.4 
66.9 

93.7 
75 

97.7 
94.9 

99.2 
81.26 

4 

2 

0 
10 

2 
40 

9 
14 

14 

8 

0 
3 

1.9 
10 

"ii.'o"" 

1.6 
30.3 

4.3 
18.4 

1.6 
3.4 

■'is.' 75* 

/    mainly  blackjack. 
Lower  portion  of  southeast  stofws 

1 

\Yellowplne 

/Blackjack 

2 

tYellowplne 

/Blackjack 

and  bed  of  canyon;  growth  cod- 
dItionsfWr. 
South  and  southeast  slopes:  thU 

3 

\Yollowplne 

/Blackjack 

conditions  poor. 
South  and  east  slopes;  thin  soft 

4 

\Yollowplne 

/Blackjack 

Mesas;  soil  good;  growth  oooditioBf 
/    good. 

5 

tYeliowpine 

/Blackjack 

6 

\YeUowpIne 

/Blackjack 

1,815 
563 

1,775 
471 

97.8 
83.6 

29 
77 

1.69 
13.6 

1-6 

YeUowplne 

Both  kinds.... 

Total  for  all  areas. 

2,378 

2,246 

94.4 

106 

4.6 

DISCUSSION  OF  THE  DATA  PRESENTED  IN  TABLE  L 

A  study  of  Table  I  shows  several  interesting  facts:  (1)  There  is  a 
marked  difference  in  the  percentage  of  black  jack  and  of  yellow  pine 
affected  by  western  red-rot.  (2)  The  site  seems  to  have  a  decided 
influence  on  the  occurrence  of  this  rot,  especially  in  the  yellow  pine 
(3)  The  variation  in  the  percentage  of  western  red-rot  on  the  dif- 
ferent areas  shown  in  the  table  is  due  to  several  factors,  the  three  most 
prominent  ones  being  the  relative  proportion  of  black  jack  and  yellow 
pine  which  had  been  cut  on  each  area,  the  influence  of  the  site  on  the 
growth  of  the  trees,  and  the  age  of  the  timber.  For  instance,  on  amt 
No.  3  the  percentage  of  this  rot  in  yellow  pine  is  high,  due  apparently 
to  unfavorable  growth  conditions  and  the  age  of  the  timber  cut 

Table  I  should  give  a  fairly  accurate  idea  of  the  occurrence  of  west- 
em  red-rot  in  black  jack  of  merchantable  size  in  this  region,  since 
1,855  trees  of  this  kind  were  examined  over  areas  where  30  to  50  per 
cent  of  the  black  jack  11  inches,  d.  b.  h.,  and  over  had  been  cut 
As  an  indication  of  the  amount  of  this  rot  present  in  the  yellow  pinf. 
Table  I  is  not  so  conclusive,  since,  with  the  exception  of  areas  3  and 
4,  all  of  the  yellow  pine  shown  in  the  table  was  of  small  diameter  (12 
to  18  inches,  d.  b.  h.)  and  was  cut  for  hewn  ties  only.  This  means 
that  the  percentage  of  trees  showing  western  red-rot  in  the  yellow 
pine  on  these  areas  will  be  greater  than  is  shown  in  the  table,  except 
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areas  3  and  4.  The  older  the  trees  are,  the  greater  the  amount  of  rot 
present,  since  such  trees  have  had  more  opportunities  for  infection 
than  younger  trees.  However,  taking  the  area  as  a  whole,  probably 
20  per  cent  of  the  yellow-pine  trees  (exclusive  of  black  jacks)  will 
show  western  red-rot  in  some  portion  of  the  bole.  The  areas  shown 
in  this  table  are  mainly  covered  with  black  jacks  intermixed  with  only 
a  small  number  of  yellow  pines.  For  instance,  in  the  sample  strip,  1 
chain  wide  and  140  chains  long,  195  black  jacks  were  marked  for  cut- 
ting and  1,270  left,  a  total  of  1,465  black  jacks  4  inches,  d.  b.  h.,  and 
over,  while  108  yellow  pines  were  marked  and  22  left.  Of  the  1,465 
black  jacks  present  on  this  area,  there  were  605  trees  of  merchantable 
size  (10  inches,  d.  b.  h.,  and  over)  to  only  130  yellow  pines.  This 
means  that  on  such  areas  the  percentage  of  western  red-rot  in  the  mer- 
chantable timber  will  be  small  compared  to  similar  areas  where  the 
proportion  of  yellow  pine  is  greater  than  that  of  black  jack. 

WESTERN  RED-ROT  IN  BLACK  JACK  AND  YELLOW  PINE. 

The  percentage  of  western  red-rot  in  black  jack  for  all  the  areas  is 
very  small,  since  only  29  trees  out  of  1,815  (1.59  per  cent)  showed  this 
rot,  while  in  yellow  pine  it  was  much  greater,  77  trees  out  of  563  (13.6 
per  cent)  being  infected.  Even  then,  this  percentage  is  not  high  when 
compared  with  some  other  areas  in  Arizona  and  New  Mexico.  For 
instance,  on  certain  sale  areas  on  the  Upper  Pecos  Kiver,  70  to  95  per 
cent  of  the  yellow -pine  trees  were  attacked  by  western  red-rot.  Since 
this  rot  enters  mainly  through  dead  branches  it  is  easily  seen  why 
fewer  black  jacks  are  attacked  by  it  than  yellow  pines.  The  total 
percentage  of  trees  attacked  by  western  red-rot,  both  black  jack  and 
yellow  pine,  is  only  4.5  per  cent  for  all  the  areas  shown  in  Table  I. 

Of  the  black  jacks  infected  with  western  red-rot,  nearly  all  were 
suppressed  or  grown  under  very  unfavorable  conditions.  This  indi- 
cates that  all  such  trees  should  be  marked  for  cutting  when  possible, 
not  only  on  account  of  their  susceptibility  to  this  rot,  but  also  be- 
cause they  will  never  make  strong,  thrifty  trees.  When  the  soil  is 
deep  and  capable  of  producing  vigorous  growth  in  the  trees,  western 
red-rot  is  present  only  in  a  small  degree  imless  the  trees  are  very 
old  and  overmature.  Such  soil  conditions  are  found  on  many  of 
the  mesas  and  near  the  bottoms  of  small  canyons.  There  is  always  a 
marked  increase  in  the  amoimt  of  western  red-rot  in  yellow  pine 
growing  on  very  steep  slopes  and  on  poor,  thin  soil. 

WESTERN  RED-ROT  AND  THE  ROTATION  FOR  WESTERN  YELLOW 

PINE. 

As  to  the  relative  efficiency  of  a  long  rotation  and  of  a  medium  or 
short  rotation  period  in  finally  eliminating  this  rot  from  the  forest, 
the  answer  is  very  evident,  judging  from  the  viewpoint  of  the  rot 
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alone.  Table  I  clearly  shows  that  during  the  black-jack  period  tfci 
trees  are  practically  free  from  this  rot,  but  as  they  grow  older  thi 
increasing  number  of  dead  branches  makes  them  more  open  to  tin 
attacks  of  this  fungus;  that  is,  after  the  trees  enter  the  yellow-pine 
stage  of  their  growth  they  are  more  and  more  subject  to  infection  hjr 
heart-rotting  fungi. 

In  the  Cienega  ranger  district  western  yellow-pine  trees  up  to  125 
or  150  years  old  (the  black-jack  period)  are  rarely  attacked  by 
western  red-rot,  for  the  reasons  previously  given,  while  trees  over 
200  years  old  show  a  much  higher  percentage  of  rot  than  the  younger 
trees  (black  jack).  Any  system  of  cutting  that  will  take  out  moflt 
of  the  older  trees  (yellow  pine)  and  many  of  the  larger  black  jades, 
as  well  as  all  suppressed  trees,  will  do  much  to  rid  the  future  forest 
of  this  serious  heart-rot.  It  also  follows  that  a  short  rotation  wiD 
be  better  for  the  future  health  of  the  forest  so  far  as  heart-rots  ire 
concerned.  It  is  a  fundamental  fact  that  the  older  a  tree  is,  the 
more  liable  it  is  to  be  attacked  by  heart -rotting  fungi. 

SUMMARY. 

(1)  A  varying  percentage  of  western  yellow  pines  in  Arizona  and 
New  Mexico  is  affected  by  a  serious  heart-rot  called  in  this  bull^ 
western  red-rot. 

(2)  Western  red-rot  has  three  stages  in  its  development:  {a)  An 
initial  stage,  in  which  the  affected  heartwood  is  firm  but  shows  red- 
dish to  dark-brown  discolored  areas;  (b)  an  intermediate  stage,  is 
which  the  diseased  heartwood  is  whitish  or  gray  in  color  and  more 
or  less  delignified;  (c)  a  final  stage,  in  which  much  of  the  heartwood 
has  disappeared,  owing  to  the  absorption  of  the  delignified  por- 
tions, while  the  wood  particles  left  are  brittle  and  crumble  easily 
when  handled. 

(3)  Western  red-rot  attacks  both  the  sap  wood  and  the  heartwood 
of  dead  branches  on  living  trees.  It  then  travels  down  the  dead 
branches  into  the  heartwood  of  the  living  tree. 

(4)  No  constant  external  signs  were  found  which  would  abso- 
lutely determine  whether  or  not  a  given  living  yellow-pine  tree  v» 
attacked  by  western  red-rot.  However,  trees  growing  on  very  thia 
soil  on  steep  south  or  east  slopes  where  growth  conditions  are  very 
poor  have  a  higher  percentage  of  this  rot  than  yellow  pines  situated 
where  the  growth  conditions  are  good. 

(5)  Of  the  1,815  black  jacks  examined  for  western  red-rot,  oo^ 
29,  or  1.59  per  cent,  had  this  rot,  while  out  of  563  yellow  pines  «l* 
amined,  77,  or  13.6  per  cent,  were  attacked  by  this  rot. 

(6)  So  far  as  heart-rots  are  concerned  a  short  rotation  is  bethr 
for  the  future  health  of  the  forest  than  a  long  one. 

WASHINGTON*  I  QOVEB  'MENT  PttlXTINO  OFFlCi:** 
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INTRODUCTION. 

The  melon  fly  {Bactrocera  cucurhitae  Coq.)  (fig.  1)  is  a  pest  intro- 
duced into  the  Hawaiian  Islands  from  the  Orient,  about  1895.  As 
shown  by  the  reports  of  the  quarantine  officers  of  the  Federal  Horti- 
cultural Board,  it  is  being  continually  intercepted  at  the  port  of  San 
Francisco  in  cargoes  arriving  from  Honolulu,  and  there  is  danger  that 
it  will  be  introduced  into  continental  United  States.  Together  with  the 
Mediterranean  fruit  fly  {Ceraiitia  capitata  Wied.),  also  recently  in- 
troduced, it  has  had  a  most  rjiinous  effect  upon  horticultural  pursuits 
of  Hawaii.  The  equable  climate  and  abundant  food  supply  have 
given  this  pest  an  excellent  opportunity  to  increase  unmolested  and,  at 
the  time  the  writers  undertook  the  investigation  herein  reported,  the 
melon  fly  had  made  impossible  a  free  cultivation  of  the  most  valuable, 
economically,  of  the  Cucurbitaceae  and  other  truck  crops.  No  natu- 
ral agencies  have  thus  far  been  discovered  which  serve  as  a  practical 
check  upon  its  ravages,  and  artificial  methods  of  control,  especially 
control  by  poisoned-bait  sprays,  have  been  found  inadequate,  owing 

«6782«— Bull.  401—17 1 
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to  the  lack  of  concerted  and  intelligent  action  among  the  oriental 
market  gardeners.  The  purpose  of  this  bulletin  is,  therefore,  to  call 
attention  to  the  unprecedented  ravages  of  this  pest  in  the  Hawaiian 
Islands  and  the  danger  of  introducing  it  into  the  mainland  United 
States,  and  to  record  new  facts  concerning  its  biology,  rather  than 
to  offer  a  satisfactory  method  of  control. 

ORIGIN. 

The  true  Dacinae,  the  subfamily  of  the  Trypetidae,  to  which  the 
melon  fly  belongs,  are  almost  without  exception  tropical  or  subtrop- 
ical in  distribution.  Most  of  the  well-defined  genera  have  been  f  mmd 
by  Bezzi  to  show  a  restricted  area  of  habitation  and  to  be  almost 
exclusively  confined  to  the  Old  World.    Indeed,  the  few  species  which 


Pio.  1. — The  melon  fly  {Bactrocera  cucurWae)  :  AdaU  female.    Greatly  enlarged. 

(Original.) 

are  recorded  from  widely  separated  countries  have  reached  their 
present  distribution  not  by  natural  spread  but  by  the  assistance  of 
man.  The  melon  fly  is  a  good  example  Sf  a  pest  known  to  have  been 
artificially  introduced  to  new  countries.  Bezzi,  who  has  given  the  most 
complete  and  recent  review  of  fruit  flies,  stated  in  1913  that  the  orig- 
inal home  of  the  melon  fly  is  India.  Other  entomolo^sts  who  have 
traveled  in  the  Orient  for  the  purpose  of  making  fruit-fly  studies, 
particularly  Compere,  Froggatt,  and  Muir,  agree  with  Bezzi  as  to 
its  Indian  origin.  Perkins  stated  that  its  true  home  is  either  Japan 
or  China,  but  this  statement  was  made  in  1902,  before  the  discovery 
of  the  melon  fly  in  India  and  before  the  studies  of  Bezzi  were 
undertaken. 
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DISTRIBUTION. 

The  melon  fly  has  been  recorded  from  India,  Ceylon,  Java,  Timor, 
Australia,  the  Philippines,  Singapore,  southern  China,  Japan,  and 
the  Hawaiian  Islands.  The  references  known  to  the  writers  of  its 
presence  in  these  countries  are  as  follows: 

Indian — Compere  first  recorded  the  melon  fly  from  India,  where 
he  collected  specimens  in  and  about  Poona  on  September  28,  1903, 
and  at  Bangalore  in  1916.  Froggatt  (26)*  in  1909  states  that,  in  the 
company  of  F.  M.  Howlett,  he  noted  the  pest  in  the  gardens  at  Alla- 
habad during  May,  1909.  Bezzi  (36)  in  1913,  while  studying  the 
fruit-fly  material  in  the  Indian  Museum,  found  pinned  material  col- 
lected at  the  following  places  in  India:  Many  specimens  from  Cal- 
cutta, taken  in  April,  May,  June,  and  September ;  others  from  Dur- 
jhana,  Nepal,  the  Terai,  Ranchi,  Jhansi,  northwestern  India,  850 
feet  (Brunetti) ;  Eatihar,  Pumeah  District,  northern  Bengal,  in 
October;  Allahabad,  United  Provinces,  in  August;  Nepalganj,  Nepal 
Frontier,  January  22,  1911;  Siripur;  Saran,  northern  Bengal,  Sep- 
tember 26,  1910;  Adra,  Manbhum  District,  October  12,  1909;  and  in 
Bombay,  in  gourds,  October  12,  1903.  Maxwell-Lefroy  (18)  in  1907 
states  that  this  is  a  sporadic  and  occasionally  a  serious  pest  and  gives 
as  its  distribution  Nasik,  Pusa,  Surat,  Umballa,  and  "probably 
throughout  India." 

Ceylon. — The  melon  fly  appears  to  be  generally  distributed 
throughout  Ceylon.  Green  (34),  in  1912,  and  Rutherford  (40),  in 
1914,  list  it  among  insects  of  eomomic  importance.  Bez^i  (36),  in 
1913,  records  specimens  in  the  collection  of  the  Indian  Museum 
caught  January  10  at  Peradeniya.  Froggatt  (26)  found  the  pest  at 
Jaffna  in  1908.  Compere  (33),  in  1905,  records  specimens  taken  at 
Colombo. 

Java. — ^The  melon  fly  was  reported  by  Dammerman  (41)  in  1914 
from  Java,  where  it  is  frequently  a  serious  pest 

Timor. — Compere  is  our  authority  for  the  presence  of  the  melon 
fliy  on  this  island. 

Australia. — Hill  (50),  in  1915,  has  given  the  only  record  of  the 
presence  of  the  melon  fly  in  Australia.  He  records  it  from  the  North- 
em  Territory  as  a  pest  of  melons,  pumpkins,  and  marrows. 

Philippine  Islamds. — Essig  (35),  in  1913,  gives  C.  F.  Baker  as 
authority  for  the  presence  of  the  melon  fly  in  the  Philippines.  Mr. 
F.  Muir  has  recently  informed  the  writers  of  its  presence  in  these 
islands,  and  specimens  have  been  received  from  Mr.  McKay,  of  the 
Philippine  Department  of  Agriculture.  The  melon  fly  was  first 
noted  about  Manila  by  Compere. 

Southern  Chi/na.--Com^ev^  (33)  states  that  about  Macao  and 
Canton,  in  1909,  he  found  the  melon  fly  a  serious  pest  but  not  doing 

1  The  figures  in  parentheses  refer  to  Biblography,  p.  57. 
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as  much  damage  as  in  the  Hawaiian  Islands.  He  has  also  found  it  at 
Hongkong. 

Singapore. — The  melon  fly  was  reported  from  Singapore  by  Com- 
pere. 

Japan. — In  1905  Craw  (13)  stated  that  the  melon  fly  was  intro- 
duced to  Hawaii  from  Japan.  Compere  reared  adults  from  material 
collected  in  melons  and  cucumbers  at  Nagasaki  according  to  data  oq 
file  at  the  office  of  the  chief  quarantine  officer  of  the  port  of  San 
Francisco.  Muir  (38),  in  1914,  records  the  melon  fly  as  injurious  to 
cucurbits  on  the  Island  of  Formosa. 

Havyaiian  Islands. — The  first  critical  study  of  the  melon  fly  ^ras 
made  from  material  collected  by  Compere  (2)  in  1898  at  Honolulu. 
At  the  present  time  the  pest  is  known  to  occur  on  all  the  impcniant 
islands  of  the  group. 

SOURCE  OP  HAWAIIAN  INFESTATION. 

The  melon  fly  was  without  doubt  introduced  into  the  Hawaiian 
Islands  from  Japan.  The  interceptions  of  this  pest  from  Honolulu 
during  the  past  few  years  at  the  port  of  San  Francisco  make  it  easy 
to  understand  its  introduction  at  Honolulu  from  Japan,  where  the 
pest  is  known  to  occur  in  vegetables  grown  about  Nagasaki,  a  port  in 
direct  communication  with  Honolulu  and  from  which  many  Japanese 
immigrants  arrived  in  the  islands  during  past  years.  Alexander 
Craw,  entomologist  of  the  Hawaiian  Board  of  Agriculture  and  For- 
estry, wrote  (13)  in  1905  that  the  melon  fly  had  been  unfortunately 
introduced  at  Honolulu  a  few  years  previously  from  Japan. 

That  the  melon  fly  was  actually  introduced  is  well  known  to  all  the 
older  inhabitants  of  the  islands  interested  in  agricultural  pursnitsL 
Excellent  watermelons  and  cantaloupes  were  abundant  and  cheap  ifi 
the  Honolulu  markets,  and  pumpkins  in  large  quantities  were  used  as 
food  for  stock  by  certain  ranchmen.  At  the  present  time  these  fruits 
are  imported  from  California  or  grown  in  restricted  areas  in  the 
islands  with  great  difficulty.  The  perfect  condition  of  the  calabash^ 
made  from  gourds  by  the  native  Hawaiians  is  additional  proof  that 
the  melon  fly  is  an  introduced  pest.  Utensils  made  of  gourds  at  the 
present  time  bear  deformities  and  surface  defects  peculiar  to  melon- 
fly  attack. 

EARLY  HISTORY  IN  HAWAII. 

The  first  authentic  account  of  the  presence  and  ravages  of  tfce 
melon  fly  in  the  Hawaiian  Islands  was  given  by  Mr.  Byron  0* 
Clarke,  commissioner  of  the  Hawaiian  Bureau  of  Agriculture  dm^ 
ing  1898.  In  October,  1897,  soon  after  his  arrival  in  Honolulu,  Mr- 
Clarke  attempted  to  grow  cucurbits  in  the  Kalihi  district,  but  f omad ' 

» Correspondence,  Bureau  of  Entomology*  U.  S.  Dept.  Agr.,  dated  Jan.  16,  1©1€L 
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that  a  fly  deposited  eggs  in  the  young  shoots  and  that  the  developing 
larvae  killed  the  vines  before  they  were  a  foot  long.  During  Decem- 
ber of  the  same  year  Mr.  Clarke  attempted  the  cultivation  of  summer 
squash,  muskmelons,  and  tomatoes  at  a  point  about  a  mile  north 
of  the  railroad  station  at  Pearl  City.  That  the  pest  which  caused 
the  destruction  of  these  crops  was  what  has  since  been  called  the 
melon  fly  was  proved  by  the  adults  reared  by  Mr.  Clarke  during 
February,  1898.  Mr.  Clarke  states  that  in  1897  the  old  gardens 
about  Pearl  City  were  thoroughly  infested  with  the  melon  fly. 

Correspondence  (1)  in  the  files  of  the  present  Hawaiian  Board 
of  Agriculture  and  Forestry  prove  that  the  melon  fly  was  well  es- 
tablished and  doing  damage  on  the  island  of  Hawaii,  about  192 
miles  by  sea  from  Honolulu,  as  early  as  August,  1898,  and^  that  it 
was  known  to  Prof.  Koebele,  at  that  time  entomologist  of  the  Ha- 
waiian Bureau  of  Agriculture.  Mr.  George  Compere,  who  visited 
Honolulu  during  November,  1898,  found  the  melon  fly  doing  great 
damage  to  the  truck  crops  grown  by  the  Orientals  in  the  Moiliili 
and  Waikiki  districts  of  Honolulu  and  collected  the  first  material 
that  found  its  way  into  collections  for  scientific  study. 

To  Messrs.  Compere  and  Clarke  we  are  indebted  for  all  exist- 
ing information  regarding  the  melon  fly  in  the  Hawaiian  Islands 
prior  to  1900.  As  Clarke  has  shown  that  serious  injury  was  being 
done  cucurbits  as  early  as  1897  at  Honolulu  ^d  at  Laupahoehoe  on 
the  island  of  Hawfiii  in  1898,  it  is  apparent  that  the  introduction  of 
the  pest  into  the  islands  occurred  at  least  several  years  earlier  and 
that  the  pest  was  probably  established  on  the  other  two  important 
islands,  Maui  and  Kauai,  both  of  which  are  nearer  Honolulu  than 
Hawaii.  The  rapidity  with  which  the  Mediterranean  fruit  fly 
{Ceratitia  capitata  Wied.)  has  been  known  to  spread  since  its  in- 
troduction at  Honolulu  in  very  recent  years  leaves  little  doubt  that 
the  melon  fly  existed  in  the  islands  a  comparatively  short  time 
before  its  ravages  attracted  the  attention  of  agricultural  officials. 
Perkins  wrote  (8)  in  1902  that  the  melon  fly  was  introduced  "five 
or  six  years  ago."  It  is  safe  to  assume  that  the  melon  fly  was  present 
about  Honolulu  as  early  as  1895. 

UTERATURE. 

The  melon'  fly  was  first  described  as  a  species  new  to  science  by 
Mr.  D.  W.  Coquillett  (2)  in  1899  from  specimens  reared  by  Com- 
pere in  Honolulu  and  forwarded  to  Dr.  L.  O.  Howard,  entomologist 
of  the  U.  S.  Department  of  Agriculture.  Mr.  Coquillett's  article 
entitled  "A  new  trypetid  from  Hawaii,"  published  in  Entomological 
News,  contained  the  first  information  regarding  the  melon  fly  ap- 
pearing in  scientific  literature.    The  first  printed  account  (1)  of  its 


Digitized  by 


Google 


6  BULLETIN  491,  U.   S.  DEPABTMENT  OF  AGBICULTtJKE. 

ravages,  however,  appeared  in  "  The  Hawaiian,"  a  newspaper  pub- 
lished in  Honolulu  during  1898,  and  this  is  given  in  full  in  the 
bibliography.  An  article  entitled  "A  dipterous  enemy  of  cucurbits 
in  the  Hawaiian  Islands,"  prepared  by  Dr.  Howard  (3)  and  pub- 
lished in  1900,  is  of  importance^  as  it  contains  the  first  printed  state- 
ments of  melon-fly  ravages  to  be  foimd  in  scientific  literature.  I>. 
Howard  gives  the  substance  of  a  letter  written  him  under  date  of 
February  14, 1899,  by  Mr.  Compere  in  Honolulu. 

The  bibliography  (p.  57)  contains  all  references  to  the  melon 
fly  known  to  the  writers.  Most  of  it  is  unimportant  and  is  con- 
spicuously meager,  as  shown  by  the  attached  summaries  or  verbatim 
quotations.  Prof.  M.  Bezzi,  in  the  Bolletino  del  Laboratorio  di 
Zoologia,  1909  (24),  and  in  the  Memoirs  of  the  Indian  Museum,  1913 
(36),  has  treated  the  systematic  relationdiip  of  the  melcxi  fly.  Banks 
(30),  in  1912,  gave  the  first  technical  and  trustworthy  description  of 
•the  well-grown  larva.  All  these  references,  with  the  exception  of 
Coquillett's  article  already  mentioned,  deal  with  the  economic  status 
of  the  pest.  For  the  most  part  they  merely  list  the  fly  from  certain 
localities  and  contain  brief  references  to  its  capacity  for  damage  to 
crops,  or  to  the  desirability  of  establishing  or  making  more  vigilant 
quarantine  regulations.  Thus  Maxwell-Lefroy  (18),  Howlett  (20), 
and  Fletcher  (43)  give  informaticm  regarding  the  pest  in  India; 
Green  (34)  and  Rutherford  (40)  in  Ceylon;  Dannnerman  (41)  in 
Java;  Essig  (35)  in  the  Philippines;  Muir  (38)  in  Formosa;  Hill 
(50)  in  Northern  Australia,  and  Compere  (33)  and  Froggatt  (26) 
throughout  the  Orient  in  general. 

The  remaining  references  are  from  Hawaiian  and  Califomu 
sources  and  are  the  result  of  the  presence  of  the  melon  fly  in  Hawaii 
From  the  quarantine  ^ndpoint  the  references  of  Craw  (7)  and 
Maskew  (42)  throw  light  on  the  present-day  possibilities  of  sprea4- 
From  a  biological  standpoint  the  references  of  Van  Dine  (19), 
Severin,  Severin  and  Hartung  (45),  and  Back  and  Pemberton  (46) 
are  the  most  important. 

The  article  by  Van  Dine  (19)  contains  a  concise  general  account 
of  the  known  facts  concerning  the  melon  fly  published  up  to  190& 
in  addition  to  a  complete  bibliography  and  the  first  illustrations  of 
adult,  larva,  eggs,  and  puparium.  He  states  that  the  fly  requires 
three  weeks  to  pass  through  the  egg,  larval,  and  pupal  stages. 
Severin  (45),  in  September,  1914,  published  results  and  observation; 
on  the  melon  fly  which  may  properly  be  called  the  first  careful  work 
done  on  the  biology,  extent  of  injury,  and  methods  of  control.  This 
is  the  most  important  biologic  paper  published  up  to  that  time  and 
contains  so  many  new  data  that  it  should  be  passessed  by  investigi- 
tors  of  the  melon  fly.    The  article  by  the  writers  (46)  appearifif 
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in  December,  1&14,  gives  the  results  of  careful  life-history  studies 
and  contains  data  on  the  various  stages,  accompanied  for  the  first 
time  by  temperature  records  The  data  contained  in  this  last  paper 
have  been  incorporated  in  the  present  bulletin. 

While  Van  Dine  has  given  us  the  first  illustrations  of  the  melon 
fly,  others  have  been  published.  Howlett  (20),  in  1909,  published  a 
plate  in  Maxwell-Lefroy's  "Indian  Insect  Life"  containing  an 
especially  good  figure  of  the  adult  female,  besides  figures  of  the  egg, 
larva,  puparia,  and  the  anterior  and  posterior  spiracles  of  the 
puparium.  This  plate  was  slightly  enlarged  and  republished  as  a 
colored  plate  by  Fletcher  (43)  in  1914,  in  "  Some  South  Indian  In- 
sects." Perkins  (29),  in  1911,  published  a  drawing  by  W.  R.  Potter 
of  the  adult  female  which  was  later  used  by  Severin  (45).  Compere 
(33),  Dammerman  (41),  and  Bezzi  (36)  have  published  photographs 
of  wings  of  the  melon  fly.  Severin  (45)  included  in  his  paper  the 
first  and  only  illustrations  ever  publi^ed  of  the  damage  to  host  plants 
caused  by  the  melon-fly  larvae.  These  photographs  were  greatly  re- 
duced and  much  of  their  detail  was  lost.  The  only  drawings  showing 
larval  details  were  published  by  Banks  (30)  in  1912,  and  included 
enlargements  of  the  anterior  spiracles,  the  stigmal  plate,  and  a  lateral 
view  of  the  head. 

ECONOMIC  IMPORTANCE. 

The  melon  fly  is  the  most  important  pest  of  varieties  of  cucurbita- 
ceous  crops  grown  in  the  Hawaiian  Islands.  Its  persistent  attack 
has  caused  many  to  abandon  the  gi*owing  of  its  more  susceptible 
host  fruits,  while  others  can  be  gi'own  for  the  most  part  only 
under  cover  and  at  increased  cost.  The  Mediterranean  fruit  fly 
{Ceratitia  capitata)  and  the  melon  fly  have  ruined  the  free  cul- 
tivation of  fiiiits  and  vegetables  in  the  Hawaiian  Islands.  Of  the 
two  pests,  many  consider  the  melon  fly  of  the  greater  economic  im- 
portance, as  it  attacks  with  greatest  persistency  those  crops,  such  as 
squashes,  piunpkins,  and  the  vegetable  marrows,  which  could  other- 
wise be  depended  upon  to  furnish  an  abundant  food  supply  for  the 
poorer  classes,  and  by  its  presence  has  ruined  any  trade  with  the 
coast  in  such  vegetables  as  eggplant,  peppers,  etc.  In  1902  Mr. 
Jared  G.  Smith,  at  that  time  director  of  the  Hawaiian  Agricultural 
Experiment  Station,  wrote  (9)  that  the  melon  fly  was  doing  great 
damage  to  cucurbits  by  stinging  and  depositing  eggs  in  the  young 
fruit.  F.  W.  Terry  (15),  in  1906,  in  a  preliminary  account  of  insects 
of  economic  importance  in  Hawaii,  wrote,  "  Since  its  arrival  it  has 
practically  stopped  the  raising  of  melons,  cucumbers,  squashes,  and 
tomatoes  in  many  localities,  unless  these  plants  are  carefully  screened 
from  the  attack  of  the  fly."    Van  Dine   (11),  in  1903,  states  that 
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Work  of  Larva  of  the  Melon  Fly  (Batrocera  cucurbitae). 

WatemiAlQO  seedling  destroyed  by  larve  of  the  melon  fly  feeding  in  the  taproot,  crown,  and  leaf 
petioles.  Note  that  the  leaf  to  the  left  is  nearly  severed  from  the  crown,  while  the  petiole  of 
the  drooping  leaf  has  been  completely  tunneled  by  the  larvse.  In  figure  2  is  shown,  enlarged. 
theworlKoflarvsBintheroot.   (OriginaL)  j  -o  -^ 


Digitized  by 


Google 


Bui.  491,  U.  S.  0«pt.  of  AgricuKur*. 


Plate  11. 


OviPosiTioN  BY  Melon  Fly  on  Watermelon  Vine. 

Tip  of  a  watermelon  vine  showing  an  adult  melon  fl  v  ovipositing  in  the  ovary  of  a  flower  stiD  ia 
bud,  an  unaffected  male  bloom,  and  the  withered  ana  drooping  growing  tip  of  the  vineL    A 
female  melon  fly  has  deposited  eggs  in  the  vine  at  the  base  of  the  leaf  petiole,  f     *  " 
larvse  hatching  have  nearly  severed  the  vine  at  this  pohit.   (Original.) 
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Damage  to  Watermelon  Vine  by  Larv>c  of  Melon  Fly. 

Suoculont  watermelon  vine  showing  the  blackened  and  decaying  condition  beyond  the  point  of  attack . 
The  eggs  from  which  the  larvse  hatched  were  laid  at  the  base  of  the  fruit  stalk  shown  in  lower  portion 
of  figure.  Note  that  small  as  the  young  watermelon  is  it  has  already  become  infested,  as  indicated  by 
the  blackened  area.    For  condition  existing  within  this  vine,  see  Plate  IV.    (Original.) 
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Plate  IV. 


Work  of  Larv/c  of  Melon  Fly  in  Watermelon  Vine. 

Succulent  watermelon  vine  sectioned  to  expose  well-grown  larvse  of  the  melon  fly  which  hare  eaten 
out  the  interior,  causing  the  vine  to  wither  and  die  bade  to  the  point  of  origiDal  Infastatimi. 
(Original.) 
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Plate  V. 


Cantaloupe  Vine  Attacked  by  Melon  Fly  and  Damage  by  Larv/c 

Cantaloupe  vines  and  fruits  are  very  susceptible  to  attack.    The  vine  shown  has  been  attacked  in 
eight  places,  as  indicated;  the  larvse  developing  in  tne  stalk,  petioles,  or  young  fruit.    (Original.) 
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Plate  VI. 


Squash  Vines  Aborted  by  Work  of  Larv>e  of  Melon  Fly. 

Squash  vines  affected  by  the  larvae  of  the  melon  fly.  Sometimes,  especially  during  wet  weather, 
the  female  fly  deposits  eggs  in  the  older  stems.  The  young  larvse  hatching  do  not  seem  to  be 
able  to  kill  tne  vine  outright  as  they  do  the  more  succulent  and  rapidly  grovring  vines,  but  as 
they  mature  they  cause  abnormal  swellings  to  develop  about  them.  As  the  vines  throw  out 
rootlets  little  injury  is  caused  to  squashes  by  this  method  of  attack.    (Original.) 
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Melon-Fly  Eqqs  DEPOsrrED  in  Blooms  of  Pumpkin. 

Two  buds  of  the  male  bloom  of  pumpkin  sectioned  to  expose  melon-fl  y  eggs  deposited  throueh 
the  corolla.  Note  that  larv»  irom  eggs  already  hatched  are  causing  the  destruction  of  the 
vital  organs.   (Original.) 
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Result  of  Infestation  of  Pumpkin  Blooms  by  Larv>c  of  Melon  Fly. 

Buds  of  the  male  flowers  of  puinpldn  affected  by  the  larvse  of  the  melon  fly.  Flgores  1, 2.  and  3  repre- 
sent the  various  stages  in  ihe  aestruction  of  tne  male  bloom  after  the  larvsB  hatching  from  the  eggs 
shown  in  Plate  V 11  nave  begun  to  develop.  In  figure  1  the  larvse  have  destroTed  the  poUen  and  are 
devouring  the  receptacle.  In  figure  2  the  mfloresoence  is  hanging  and  the  larvee  are  still  within,  while 
figure  3  represents  the  final  stage  of  destruction.  During  the  warmer  months  of  the  year  practically 
all  male  flowers  are  affected,  although  many  succeed  in  blooming.   (Original.) 
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tbe  more  complete  destrucUan  of  the  ovary  of  a  flower,  the  corolla  of  which  has  but  recently 
irithered.    (Origiiial.) 
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Plate  X. 


Damage  to  Squash  by  Larv>c  of  the  Melon  Fly. 

Cross  sections  of  unfertilised  ovaries  of  three  squash  fruits  showing  a  type  of  infestatkn,  nm^upJW 
from  figure  1  to  figure  3.  that  brings  about  the  complete  destruction  of  the  crop  of  many  tna  d 
squashes  and  pumpkins  where  no  care  Is  taken  to  guard  against  ovlposition.  Kote  that  tbt  lU^ 
infestation  of  figure  1  has  extended  up  into  the  pistil  of  figure  2,  while  in  figure  3  the  )amt  kf«e 
worked  so  lapidly  that  the  ovary  is  break^  before  the  corolla  can  unfold.    (OciglDaL) 


Digitized  by 


Google 


THE  MELON  PLY   IN  HAWAII.  9 

Injury  to  the  foliage  and  stems, — The  very  disastrous  effects  of 
attack  on  the  foliage  is  shown  in  Plate  I,  figure  1,  where  the  petiole 
of  a  watermelon  seedling  has  been  tunneled  by  larvae.  Such  complete 
destruction  is  not  usual  in  older  plants  after  the  tissues  have  hard- 
ened. Larvae  developing  in  the  pipelike  petioles  of  large  pumpkin 
leaves  do  almost  no  harm.  The  manner  in  which  developing  runners 
of  watermelon  seedlings  may  be  killed  back  to  the  crown  is  illus- 
trated by  Plate  XXI,  figure  3.  As  the  plants  become  older  the 
crown  becomes  so  toughened  that  it  withstands  attack,  the  growing 
tips  of  the  vines,  especially  those  of  watermelon  and  cantaloupe,  are 
seriously  attacked,  and  the  larvae  developing  in  the  shoot  cause  its 
death  beyond  the  point  of  infestation,  as  shown  in  Plate  II,  and 
thus  bring  about  a  progressive  pruning.  At  the  time  infestation 
illustrated  in  Plate  II  occurred  the  growing  shoot  was  so  small  that 
the  puncture  made  by  the  female  for  her  eggs  practically  cut  the 
shoot  and  would  have  produced  withering  beyond  had  no  further 
destruction  been  caused  by  the  larvae  developing  later.  In  Plates 
III  and  IV  may  be  seen  the  type  of  injury  to  still  older  watermelon 
shoots.  Note  that  the  young  fruit  has  begun  to  wither  and  that  the 
stalk  has  already  turned  black  and  has  become  flabby  to  the  touch, 
thus  indicating  that  the  interior  has  been  destroyed.  This  destruc- 
tion of  the  interior  is  shown  by  the  shoot  on  Plate  IV,  which  has  been 
sectioned  to  expose  the  well-grown  larvae  within.  Such  pruning  back 
of  foliage  and  shoots  appears  to  occur  more  often  among  older  canta- 
loupe vines  than  among  watermelon  vines  of  similar  age.  In  Plate  V 
is  given,  by  way  of  illustration,  a  portion  of  a  cantaloupe  vine  cut  in 
the  environs  of  Honolulu,  showing  attack  in  eight  places.  The  field 
from  which  this  vine  was  taken  bore  only  small,  stunted  vines,  in 
spite  of  the  fact  that  the  soil  was  rich. 

Oviposition 'in  the  steins  of  host  plants  does  not  always  produce 
the  complete  destruction  illustrated,  since  very  often  the  growth  of 
plant  tissues  may  be  so  rapid  that  the  larvae  appear  to  be  killed. 
Again,  they  are  able  to  develop  locally,  reach  their  full  development, 
and  leave  the  plant  without  having  affected  vital  injury.  Under  these 
conditions,  however,  the  plant  may  develop  an  abnormal  growth 
about  the  feeding  larvae.  These  abnormal  developments  of  the 
vine  have  never  been  observed  in  any  host  plant  but  the  pumpkin 
and  squash,  and  then  reach  their  fullest  development  only  during  wet 
weather.  (See  PL  VI.)  During  dry  weather,  when  the  vines  are 
tougher,  little  successful  infestation  of  squash  or  pumpkin  vines 
occurs. 

Injury  to  the  bloom, — It  is  difficult  during  the  greater  portion  of 
the  year  in  littoral  Hawaii,  especially  on  the  island  of  Oahu,  to  find 
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an  unaffected  pistillate  flower  of  any  cucurbitaceous  host  plant  grow- 
ing naturally  in  the  field.  No  staminate  blooms  of  watermelons,  can- 
taloupes, cucumbers,  and  certain  Chinese  marrows  have  been  found 
affected,  but  those  of  the  pumpkin  and  squash  varieties  are  badly 
attacked.  An  examinaticm  of  207  well-developed  buds  of  the  mate 
flowers  in  a  field  at  Waialua  during  March,  1915,  proved  each  bnd 
to  contain  the  eggs  or  larvae  of  the  melon  fly,  Plate  VII  representSj 
the  early  stage  of  infestation  of  the  male  bloom  of  pumpkins.  As  the, 
larvae  hatch  they  feed  upon  the  receptacle  and  the  anthers  until  the 
interior  is  a  mass  of  decay.  In  the  illustrations  of  Plate  VIII  are 
shown  three  stages  in  the  destruction  of  the  male  bloom.  In  figure  1 
the  larvae  have  destroyed  the  anthers  and  are  burrowing  about  the 
receptacle ;  in  figure  2  the  continued  work  of  the  larva^  and  the  weight 
of  the  bud  have  caused  the  latter  to  -break  over,  while  figure  3  repre- 
sents a  very  frequent  condition  after  the  bud  has  diopped  to  the 
ground,  leaving  behind  a  few  larvae  within  the  upright  flower  ^alk 
and  carrying  others  within  itself  to  the  ground.  When  the  male 
bloom  is  attacked  late  in  its  development  the  corolla  imfolds  nor- 
mally, exposing  to  view  unhatched  eggs  or  very  young  larvae  on  its 
inner  surface  or  among  the  pollen  grains.  When  buds  are  attacked 
before  they  are  three- fourths  developed  they  usually  are  destroyed 
before  they  can  bloom.  Eggs  are  never  deposited  in  the  flower  whik 
it  is  in  bloom. 

While  injury  to  the  corolla  of  the  female  bloom  does  occur  in 
pumpkins  to  a  limited  extent,  the  attraction  of  the  unfertilized 
ovaries  is  so  much  greater  that  this  portion  of  the  bloom  receives  the 
greater  amoimt  of  oviposition,  and  infestations  that  prevent  bloom- 
ing occur  within  the  ovaries  rather  than  in  the  corolla  and  about  the 
style  and  stigma.  The  greatest  injury  to  pumpkin,  squashes^  water- 
melon, cantaloupes  and  Momordica  spp.  occurs  at  this  stage,  or  di- 
rectly before  and  after  the  flower  unfolds,  and  is,  to  the  uninformed, 
so  obscure  that  the  apparent  sterility  of  fields  of  rankly  growing 
vines  is  often  the  cause  of  discussion.  The  cross-sections  of  the  blooufi 
of  pumpkins  in  Plate  IX  illustrate  the  disastrous  result  of  thB 
attack.  In  figure  1  the  ovary  has  already  been  ruined  by  young  larnp 
before  the  corolla  has  opened  to  expose  the  stigma  for  fertilizatico. 
In  figure  2  is  shown  a  more  advanced  stage  of  infestation,  but  ooe 
occurring  before  the  corolla  has  entirely  withered  or  lost  its  color. 
The  three  figures  on  Plate  X  illustrate  the  progressive  infestatkc 
of  the  pistillate  bloom  of  squash.  In  these  examples  the  larvae  ha^p 
not  only  attacked  the  ovaries,  but,  as  in  figure  2,  have  worked  their 
way  up  into  the  corolla.  Often,  in  blooms  of  this  type,  the  work  of 
the  larvae,  aided  by  decays  started  by  them  and  the  weight  of  the 
upper  portion  of  the  bloom,  causes  the  ovaries  to  break  off,  as  ill®* 
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trated  in  figure  3.  Such  destruction  is  almost  complete  in  uncared- 
for  fields  of  all  cucurbits  except  the  cucumber,  which  rarely  is  at- 
tacked imtil  after  the  fruits  are  well  set. 

Injury  to  the  frvUs  after  fertHisatum. — ^All  degrees  of  injury  will 
be  found  among  the  fruits  of  host  plants.  The  younger  the  fruits, 
as  a  rule,  the  more  susceptible  they  are  to  complete  destruction  by 
the  larvBB  and  subsequent  decays.  If  infestation  is  serious  directly 
after  the  bloom  has  withered,  particularly  among  watermelcms  in  a 
dry  location,  a  mummificati(m  of  the  fruits  may  result.  (PI.  XI, 
fig.  1.)  The  completeness  with  which  the  young  watermelons  may 
be  destroyed  before  mummification  is  ^own  by  Plate  XI,  figure  2. 
Still  older  watermelon  fruits  may  become  badly  infested,  as  illus- 
trated by  the  longitudinal  section  in  Plate  XII  and  the  cross-section 
in  Plate  XIII.  In  the  latter  the  interior  bearing  the  seeds  had  been 
reduced  to  a  watery  mass  and  the  larvae  were  found  burrowing 
through  the  rind.  In  fruits  such  as  those  illustrated  in  Plates  XII 
and  XIII  secondary  decays  soon  bring  about  a  complete  destruction 
of  the  host. 

The  injury  caused  by  the  developing  larvae  may  not  be  so  great  as 
completely  to  destroy  the  host  fruit.  In  such  cases,  especially  among 
pumpkins  and  squashes,  which  are  apt  to  develop  a  corky  protective 
growth  over  the  surface  exposed  by  infestation,  various  and  curious 
deformities  are  produced  as  illustrated  by  the  young  fruits  shown 
in  Plate  XIV.  In  each  of  these  fruits  one  or  more  colonies  of  melon- 
fly  larvae  have  reached  maturity  and  emerged.  The  figures  in  Plates 
XV  and  XVI  illustrate  several  types  of  injury  to  very  young 
pumpkins.  While  these  fruits  will  persist  on  the  vines  for  several 
weeks  during  dry  weather,  they  ultimately  succumb  to  the  secondary 
attacks  of  scavenger  insects  and  decays. 

As  the  fruits  become  larger,  before  they  are  attacked,  they  may  show 
almost  no  indication  of  infestation  to  the  casual  observer,  although 
there  never  is  any  doubt  in  the  mind  of  a  trained  observer.  An 
examination  of  such  fruits  may  reveal  the  interior  to  be  badly  affected 
and  eaten  out,  although  the  exterior  remains  firm.  This  is  probably 
true  more  in  the  case  of  cucumbers  and  several  varieties  of  Chinese 
marrows  {Momordica  spp.),  and  less  so  of  string  beans,  as  illustrated 
in  Plate  XVII.  Injury  to  tomatoes,  when  the  larvae  become  about 
half  grown,  is  usually  accompanied  by  decay  confined  for  some  time 
to  the  section  of  the  fruit  affected. 

Defonmties  resulting  from  punctures  of  the  epidermis  when  no 
eggs  are  deposited^  or  from  infestations  hy  larvce  or  eggs  in  only  the 
outer  portion  of  the  Hnd. — Deformities  of  all  sorts  are  produced  in 
cucumbers  and  pumpkins  which  have  been  attacked  late  in  their 
development.    Deformities  among  watermelons  have  been  noted  by 
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Plate  XL 


Damage  to  Watermelon  by  Larv^  of  Melon  Fly. 

In  flgare  1  is  shown  the  mummification  of  voimg  watermelons  before  the  bloom  has  mifolded,  caused 
by  larvsB  which  have  already  developed  and  left  the  fruit  to  pupate  in  the  soil.  The  complete 
destnictioo  of  the  young  fruit  before  mummification  begins  is  shown  in  figure  2.    (Original.) 
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Damage  to  Watermelon  by  LARv>e  of  the  Melon  Fly. 

Longitudinal  section  of  a  youne  watermelon  showing  destruction  of  interior  by  larvae  of  the  meloo 
fly.    About  natural  size.    (Original.) 
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Damage  to  Watermelon  by  Larv^c  of  Melon  Fly. 

Cross  secticQ  of  watermelcQ  showing  complete  destruction  of  interior  by  the  larvse  of  the  melon 
fly.  Note  that  the  larval  tunnels  extend  through  the  rind  in  all  directions  and  that  the  edible 
portico  has  been  completely  broken  down.    (Original.) 
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Deformed  Pumpkin  Fruits  Caused  by  Larv^c  of  the  Melon  Fly. 

Various  deformities  of  very  young  pumpkina  caused  by  infestation  started  befbre  or  tost  after 
fertilization  of  the  ovary.  These  fruits  persist  for  a  time,  due  to  callouses  devdcpfii^  aboat 
points  of  attack,  but  they  never  reach  a  much  larger  size  and  are  ultimately  desUoyed  by  fun£i 
and  secondary  insect  attack.    (Original.) 
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Work  of  Larv>€  of  Melon  Fly  in  Younq  Pumpkins. 

Cross  sectloQ  of  young  pumpkin.    Each  affected  area  represents  the  location  of  a  colony  of  larvo)  of 

the  melon  fly.    (Onghial.) 
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WoRK  OF  Larv>e  of  Melon  Fly  in  Younq  Pumpkin. 

Croas  section  of  two  young  pumpkin  fruits.  In  these  the  larvee  of  the  melon  fly  have  reached  flill 
growth,  and  have  left  by  the  only  opening  to  the  exterior,  which  is  alao,  in  both  instances  shown,  the 
point  of  original  infestation.    ( Origmal.) 
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Plate  XVII. 


Work  of  Larv>e  of  Melon  Fly  in  Green  Bean  Pods. 

BeBn  pods  affected  by  larvjc  of  the  melon  fly.  In  fipiires  1  and  2  a  i)ort  Ion  of  the  pod  has  been  removed 
to  expose  the  larvae  within  and  their  work.  Figures  3  and  4  represent  pods  in  different  stages  of 
drying  out  after  well-grown  larva:  have  left  them.    (Original.) 
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Deformed  Watermelons  Resulting  from  Late  Infestation  by  Larv^c  of  Melon  Fly. 

Often  during  the  cooler  months  watermelons  become  infested  so  late  in  their  development  t^*^*  the 
larvffi  con  not  penetrate  the  pulp  and  often  die  within  the  egg  chamber.  The  developiDeBl  of 
the  fruit  about  these  affected  areas  is  arrested  and  various  deformities  result,  as  at&own  mfiflaw 
land 2.    (OriginaL)  ^ 
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Damage  to  Cucumbers  by  Larv>e  of  Melon  Fly. 

Cuoambera  affected  bv  melon-fly  attack  seldom  become  iDfested  until  after  the  bloom  has  withered. 
Nearly  all  fruits  offered  for  sale  in  Honolulu  markets  show  various  deformities  or  imperfections 
caused  by  oviposition.  Frequently  fruits  maintaining  a  firm  exterior  appearance  are  badly  infested 
within,  as  were  those  of  figures  1  and  2.    ( Original. ) 
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Damage  to  Squashes  by  Larv>€  of  Melon  Fly. 

As  pumpkins  and  squashes  become  well  erown  they  are  not  subject  to  as  great  tnfestatlanas  when  they 
are  newly  set.  The  female  (lies  persist  m  oviiKsiting  in  any  abrasions  m  the  rind  and  in  oldtf  punc- 
tures. The  larva?  hatching  are  not  able  to  penetrate  the  pulp  to  any  great  extent,  but  develop  in 
small  ulcerlike  spots  in  the  outer  portion  of  the  fruit,  from  which  they  push  the  developing  decay, 
as  shown  in  figure  1.  While  this  infestation  does  not  cause  complete  destruction,  it  seriously  affects 
the  symmetrical  development  about  theaffected  areas.  Figure  2  represents  a  squaflhriightlyaflteted, 
while  figure  3  represents  one  very  badly  affected  although  still  fit  for  cansumption.    (Ori^nal.) 
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attack  when  very  young,  although  one  rarely  sees  fruit  offered  for 
sale  in  Honolulu  that  does  not  show  some  evidence  of  attack  even 
when  very  carefully  selected.  Cantaloupes  and  cucumbers  may  bo 
successfully  oviposited  in  by  the  female  fly  up  to  the  time  they  are 
ready  for  market.  While  cantaloupe  growing  has  been  practically 
abandoned  in  Hawaii  since  the  advent  of  the  melon  fly,  cucumbers 
are  grown  without  protection  of  any  sort.  Although  practically  all 
fruits  reaching  a  size  fit  for  salad  use  show  evidences  of  attack  at 
one  or  more  spots,  the  percentage  of  fruits  rendered  unmarketable 
is  not  large  enough  to  force  the  oriental  growers  to  cover  the  young 
fruits,  although  it  would  appear  disastrously  large  to  American 
market  gardeners,  who  place  a  high  value  on  their  time.  During 
midwinter  150  out  of  153  cucumbers  ready  for  the  market  at  Moiliili 
were  foimd  variously  infested. 

All  cucurbits  grow  with  such  rapidity  in  Hawaii  that  the  oriental 
is  willing  to  permit  the  pest  to  destroy  fully  50  per  cent  of  the  fruits 
rather  than  go  to  the  expense  of  covering  each  fruit  as  soon  as  or 
before  it  sets.  All  other  cucurbits  except  cucumbers  must  be  cov- 
ered before  or  just  after  blooming  to  prevent  wholesale  injury. 
Aside  from  the  fact  that  the  seedlings  and  vines  of  all  cucurbits 
except  cantaloupe  and  watermelon  are  but  slightly  attacked,  there 
is  little  difference  in  the  susceptibility  to  attack  of  the  young  fruits 
under  Hawaiian  conditions.  Inasmuch  as  the  fly  has  been  permitted 
to  increase  unchecked  since  its  introduction,  it  has  become  so  abund- 
ant that  slight  differences  in  inherent  resistance  to  attack  are  not 
evident  among  host  fruits  growing  in  the  field.  The  infestation  is 
excessive  in  all  unprotected  fruits.  If  by  chance  pumpkins,  squashes, 
and  watermelons  escape  infestation  until  they  are  from  4  to  6  inches 
in  diameter  they  may  reach  maturity,  although  before  they  reach 
maturity  pumpkins  and  squashes  may  support  numerous  colonies  of 
larvae  in  open-surface  wounds  (PI.  XX,  fig.  1),  and  become  badly 
deformed.  Out  of  254  nearly  full-grown  pumpkins  growing  at 
Kahuku,  250  were  found  variously  deformed  by  H.  F.  Willard  on 
March  21,  1915.  As  many  as  650  adults  have  been  reared  from  a 
pumpkin  no  more  than  4  inches  long;  the  staminate  bloom  while 
still  a  bud  may  support  as  many  as  37  well-grown  larvae. 

T0MAT0B8. 

Tomatoes  are  very  susceptible  to  attack.  All  tomatoes  offered  for 
sale  in  Honolulu  are  apt  to  be  infested,  as  shown  by  the  reports  of  the 
market  fruit-fly  inspector  covering  several  months.  Fifteen  ripe  and 
partly  ripe  fruits  examined  by  H.  F.  Willard  at  Hauula  on  March  21, 
1915,  were  found  to  contain  eggs  or  larv«.    Such  severe  infestation 
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EGGPLANT. 

Froggatt  (26)  in  1909  reports  that  he  and  F.  H.  Howlett  reared 
the  melon  fly  from  maggot-infested  melons,  cucumbers,  bitter  gourds, 
and  eggplant.  Maxwell-Lefroy  (18)  in  1907  and  Fletcher  (43)  in 
1914  do  not  mention  the  eggplant  among  the  host  plants  of  the  melon 
fly.  Fullaway  (44)  in  1913  lists  the  eggplant  among  garden  crops 
aflFected  by  the  melon  fly,  and  Severin  (45)  in  1914  gives  data  on  the 
length  of  the  egg  and  larval  stages  in  eggplant  and  lists  this  plant 
as  a  host,  although  he  does  not  state  that  he  found  it  normally  in- 
fested in  the  field.  Experimental  work  was  undertaken  to  determine 
to  what  extent,  if  any,  infestation  occurs  in  the  field  and  under  forced 
conditions  in  the  laboratory.  Sound  well-grown  fruits  were  placed 
in  jars  containing  females  which  had  been  ovipositing  regularly  in 
tomatoes.  No  eggs  were  laid  in  these  fruits.  One  fruit  containing 
a  soft,  slightly  decayed  spot  on  one  side  was  similarly  placed  with 
ovipositing  females  for  one  day.  Eggs  were  deposited  in  the  de- 
cayed area  only  and  later  9  flies  emerged.  A  muskmelon  allowed  to 
hang  in  a  jar  containing  females  for  an  hour  would  have  produced 
several  hundred  or  more  flies. 

One  hundred  and  fifteen  fruits  of  all  ages  taken  April  26  to  30, 
1914,  from  a  field  at  Moiliili  showed  no  evidence  of  infestation  when 
on  May  2  to  5  they  were  examined  by  removing  the  skin  for  the 
detection  of  egg  punctures  and  larval  chambers.  Ten  fruits  picked 
at  Mokuleia  on  April  18,  1914,  from  the  midst  of  badly  infested 
private  gardens,  showed  no  infestation  when  held  individually  over 
sand  in  glass  jars.  One  thousand  fruits  of  all  sizes  and  conditions  of 
ripeness  and  soundness  were  examined  by  the  junior  writer  during 
November,  1915,  by  carefully  removing  the  skin  of  each  fruit  and 
examining  with  a  lens  all  decayed  spots.  No  melon-fly  larvae  were 
found,  although  in  one  fruit  directly  beneath  the  skin  were  found 
several  well-grown  larvae  of  the  Mediterranean  fruit  fly.  The 
senior  writer  has  personally  examined  superficially  during  a  three- 
year  period  many  thousand  eggplants  in  the  fields  of  Moiliili, 
Waikiki,  and  Waialua  districts,  Oahu,  without  once  detecting  indi- 
cations of  attack.  All  fruits  individually  examined  by  the  removal 
of  skin  were  taken  from  the  midst  of  badly  infested  areas  where 
pumpkins  and  tomatoes  could  not  be  grown  successfully  because  of 
the  severity  of  attack. 

WATER  LEMONS  (PA8SIFLORA). 

The  fruit  of  the  water  lemon  {Passifiora  laurifolia)  is  found  on 
the  Hawaiian  markets  in  season  and  is  not  as  a  rule  infested  by  the 
melon  fly.    The  writer  has  never  seen  infested  fruits  on  the  market 
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Plate  XXI. 


Types  of  Damaqe  by  Larv/e  of  Melon  Fly. 

Fio.  1.— OalMIke  development  formed  about  the  eggs  or  verv  youne  larva  within  a  pumpkin. 
Fio.  2.— CroBS  flection  of  the  wild  hcet  Syco$  sp..  wowing  destruction  caused  by  larvte.  Fio. 
3.— Seedling  watermelon  ahowing  runner  killea  back  by  burrowing  larvae.    (Original.) 
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Wild  Host  Plants  of  the  Mediterranean  Fruit  Fly  (Ceratitis  capitata)  and 
OF  THE  Melon  Fly  (Bactrocera  cucurbit ae). 

The  cactus  (Opuntia)  and  Chinese  cucumber  (Momordica)  grow  wild  In  pasture  lands  <m  the  Island 
of  llawaii,  the  one  fumLsliin);  food  for  the  Mediterranean  fruit  fly  and  the  other  for  the  melon 
fly.  In  these  two  hosts  these  flies  are  capable  of  subsisting  m  areas  unfit  for  cultivation. 
(OrlginaL) 
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Plate  XXIII. 


Reproductive  System  of  the  Female  Melon  Fly. 

ReprodocUye  system  of  the  adult  female  melon  fly:  a,  System  as  a  whole;  b,  egg  tube  from  ovarv  of 
newly  emerged  female;  c,  same  as  5, 23  days  after  emergence  (January)  of  adult;  d,  same  as  5, 33  days 
after  emergence  (January-February)  of  adult;  e,  egg  tube  containing)  mature  egg  ready  to  be  fer- 
tilixed.    Highly  magnified*    (OrigW.) 
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had  evidently  retreated  when  the  outer  decayed  leaves  were  dis- 
turbed. 

Kohlrabi  has  been  reported  infested  by  Severin^  (45)..  The  writ- 
ers have  never  found  larva?  attacking  this  plant,  and  because  of  the 
frequency  with  which  the  larvae  of  Acritochaeta  pulvinata  are  found 
in  decaying  portions,  as  in  cabbage,  the  writers  believe  that  cabbage 
and  kohlrabi  have  been  erroneously  recorded  as  host  plants. 

PEPPERS. 

FuUaway  (44)  in  1913  is  responsible  for  the  only  record  of  pep- 
pers as  a  host  fruit  for  the  melon  fly,  although  he  does  not  state  the 
nature  of  the  infestation.  Larvae  of  Acritochaeta  pulvinata  and  of 
the  Mediterranean  fi'uit  fly  are  found  in  bell  peppers.  The  careful 
examination  of  1,000  bell  peppers  grown  at  Waikiki  close  by  badly 
infested  tomatoes  and  cucumbers  during  November,  1915,  showed 
infestation  only  by  the  Mediterranean  fruit  fly.  A  like  number  of 
fruits  gathered  from  the  same  locality  during  August,  1914,  and 
placed  over  sand  in  jars  produced  no  evidence  of  infestation  by  the 
melon  fly. 

WILD  FOOD  PLANTS. 

The  two  species  of  cucurbits,  aS]/co8  sp.  and  Chinese  cucumber 
(Momordica  sp.),  are  the  only  host  fruits  that  can  be  considered  wild 
in  Hawaii.  The  Momordica  beyond  question  has  recently  escaped 
cultivation.  The  fruits  of  both  are  readily  susceptible  to  melon-fly 
attack.  Fortunately  Sycos  sp.  (PI.  XXI,  fig.  2)  is  not  abundant 
and  the  Momordica  (PI.  XXII)  is  limited  in  its  distribution  al- 
though spreading  fast 

The  writers  have  found  fruits  of  the  Sycos  infested  on  the  wind- 
ward side  of  Oahu  and  in  the  Kona  district  of  Hawaii.  The 
Momordica  has  escaped  cultivation  in  many  plac^  in  Hawaii  and 
wherever  present  is  found  infested.  On  the  island  of  Hawaii,  in 
the  Kona  district,  from  sea  level  to  about  1,500  feet,  its  vines  have 
formed  dense  growths  over  the  stone  walls  and  bushes  and  have  even 
killed  out  large  patches  of  grass.  Its  fruits  are  more  susceptible  to 
attack  than  those  of  Sycos,  but  both  host  fruits,  especially  in  Kona, 
furnish  with  their  fruits  ripening  at  all  seasons  a  continuing  supply 
of  food  upon  which  the  melon-fly  larvae  can  feed,  whether  or  not 
cultivated  host  fruits  are  grown  in  their  neighborhood.  From 
Momordica  vines  covering  a  patch  of  pasture  land  6  feet  square, 
,SB1  fruits  were  gathered  during  November,  1914,  of  which  only  12 
had  not  been  infested. 


*  Severtn  states  In  correspondence  that  he  certainly  reared  the  melon  fly  from  kohlrnbl 
and  eggplant  under  field  conditions. 
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intervals  for  the  larvae  and  pupa'ria.  The  labor  of  sifting  is  made 
easier  i£  the  fruits  are  placed  on  a  wire  mesh  which  holds  them  away 
from  the  sand. 

THE  ADULT. 

DESCRIPTION. 

The  adult  of  the  melon  fly  is  larger  than  related  species  of  Bactrocera,  being 
nnder  normal  conditions  from  6  to  8  mm.  in  length.  According  to  Bezzl  (36) 
It  may  be  distinguished  from  all  other  Indian  species  by  the  fact  that  it  has 
the  posterior  cross-vein  widely  bordered  with  brown.  The  original  description 
by  Coquillett  (2),  which  is  good,  is  given  in  full  in  the  bibliography  (p.  58), 
together  with  the  sui^lementary  notes  made  by  Bezsi  (36),  and  to  those  descrip- 
tions the  investigator  should  refer  for  details.  In  general  the  arrangements  of 
the  black  spots  upon  the  yellowish  head,  the  light  yellow  markings  upon  the 
reddish-yellow  thorax,  and  the  brown  spots  upon  the  otherwise  hyaline  wings 
make  the  identification  of  the  melon  fly  an  easy  matter.  As  a  further  aid  to 
identification  figure  1  and  Plate  II  have  been  added. 

EMEBGENCE. 

Adults  emerge  during  the  early  morning  hours  in  warm  weather, 
but  during  cooler  weather  more  scatteringly  throughout  the  day. 
In  common  with  all  Cyclorrhapha,  the  adult  makes  use  of  the 
ptilinum  in  breaking  the  walls  of  the  puparium  and  in  forcing  its 
way  to  the  surface  of  the  soil,  .or  in  extricating  itself  from  other  con- 
fining walls.  Just  after  emergence,  before  the  normal  colors  of  the 
body  have  developed  and  while  the  chitin  is  still  flexible,  the  adults 
are  able  to  push  their  way  through  incredibly  small  openings,  being 
able  so  to  flatten  their  bodies  that  they  can  make  use  of  small  cracks 
in  soil  from  which  they  could  not  otherwise  escape,  and  can  extricate 
themselves  from  containing  fruit  boxes  and  many  other  containers 
not  absolutely  tight.  Cracks  of  the  thickness  of  ordinary  blotting 
paper  do  not  always  prevent  their  escape  just  after  emergence. 

LONGEVITY  OF  ADULT  MELON  FLIES. 

With  food* — ^The  data  included  in  Table  I  are  the  first  that  have 
been  made  to  determine  the  age  to  which  adult  melon  flies  can  live 
if  kept  well  supplied  with  food.  One  female  lived  from  February 
17,  1914,  to  April  4,  1915,  or  13  months  and  15  days,  a  total  of  431 
days.  One  female  emerging  at  the  same  time,  but  not  included  in 
Table  I,  lived  imtil  April  3,  1915.  In  general,  the  adult  melon  fly 
appears  to  be  very  hardy  and  far  more  resistant  to  moisture  in  rear- 
ing jars  than  is  the  adult  of  the  Mediterranean  fruit  fly.  This  may 
be  due  principally  to  the  larger  and  more  robust  build  of  the  melon  fly. 
The  data  in  Table  I,  covering  the  9^  months  after  the  flies  had  reached 
the  age  of  4  months,  show  that  the  death  rate  is  low  among  the  older 
flies.  Two  other  lots  of  adults  of  43  (15  males  and  28  females)  and 
44  (15  males  and  29  females)  individuals  of  the  same  age  and  simi- 
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more  than  120  hours  without  food  but  with  water.  Flies  that  had 
been  regularly  fed  for  over  6  months  did  not  live  longer  when  de- 
prived of  food  than  those  kept  without  food  from  emergence.  The 
rate  of  mortality  among  six  lots  of  adults  was  as  follows: 

(1)  Twenty-five  adults,  emerging  on  January  3  and  fed  daUy  on  papaya  and 
water  until  9  a.  m.,  January  17,  were  placed  In  a  clean  Jar  Immediately  after 
feeding.  Thereafter  they  were  given  only  water  three  times  daUy.  One  died 
between  4  p.  ra.,  January  17,  and  9  a.  m.,  January  18 ;  .1  between  2  and  3  p.  m., 
January  19,  2  between  4  p.  m.,  January  19,  and  9  a.  m.,  January  20 ;  13  between 
4  p.  m.,  January  20,  and  8  a.  m.,  January  21;  1  between  11  a.  m.  and  12  m., 
January  21 ;  and  3  between  4  p.  m.,  January  21,  and  9  a.  m.,  January  22. 

(2)  Fifteen  adults,  which  emerged  June  22,  1916,  and  fM  until  December  13, 
1915,  were  placed  at  9  a.  m.  of  the  latter  date,  immediately  after  being  fed,  in  a 
clean  glass  Jar.  All  were  dead  by  8  a.  ql,  December  17.  Three  died  between 
1  and  4  p.  m.,  December  14 ;  6  between  4  p.  m.,  December  14.  and  4  p.  m..  Decem- 
ber 15;  3  between  4  p.  m.,  December  15,  and  8  a.  m.,  December  16;  3  between 
4  p.  m.,  December  16,  and  8  a.  m.,  December  17. 

(3)  Thirteen  adults,  emerging  about  8  a.  m.,  December  26, 1915,  were  placed  In 
a  glass  Jar.  These  flies  had  no  opportunity  to  feed  after  emerging.  Two  died 
between  4  p.  m.,  December  27,  a|id  8  a.  m.,  Deoember  28;  8  between  4  p.  m., 
December  28,  and  8  a.  m.,  December  29 ;  and  3  between  1  and  3  p.  m.,  Decem- 
ber 29. 

(4j  Sixty-six  adults,  emerging  about  9  a.  m.,  December  30,  1915,  were  placed, 
without  having  been  fed,  in  a  clean  Jar.  Ten  died  between  9  p.  m.,  Deoember  31, 
and  8  a.  m.,  January  1, 1916 ;  28  between  9  a.  m.,  January  1,  and  8  a.  m.,  January 
2 ;  3  between  3  and  6  p.  m.,  January  2 ;  5  between  9  p.  m.,  January  2,  and  6  a.  m., 
January  3;  and  1  between  1  and  3  p.  m.,  January  3. 

(5)  One  hundred  and  forty-nine  adults,  emerging  about  9  a.  m.,  December  31,. 
1915,  were  placed,  without  having  been  fed,  in  a  clean  Jar.  Ten  died  between  3 
find  6  p.  m.,  January  1, 1916 ;  19  between  9  p.  m.,  January  1,  and  8  a.  m.,  January 
2 ;  56  between  3  and  6  p.  m.,  January  2 ;  47  between  9  p.  m.,  January  2,  and  6 
a.  m.,  January  3;  11  between  1  and  3  p.  m.,  January  3;  5  between  4  p.  m., 
January  3,  and  8  a.  m.,  January  4 ;  and  1  between  8  a.  m.  and  12  m.,  January  4. 

(6)  Sixty-eight  adults,  emerging  about  9  a.  m.,  December  28,  1915,  were 
placed,  without  having  been  fed,  in  a  clean  glass  Jar.  Two  died  between  4  p.  m., 
December  29,  and  8  a.  m.,  December  30 ;  8  between  1  and  4  p.  m.«  December  80 ; 
57  between  4  p.  m.,  December  30,  and  8  a.  m.,  December  31;  and  11  between 
1  and  3  p.  m.,  December  31. 

FOOD  OF  ADULTS. 

The  food  of  the  adult  melon  fly  consists  of  plant  juices,  honeydew, 
nectar,  or  even  the  juices  of  dead  insects.  In  confinement  the  flies  may 
be  seen  occasionally  feeding  upon  specimens  which  have  died, 
although  this  does  not  appear  to  be  a  universal  habit.  Severin  (45) 
has  observed  one  adult  feeding  upon  a  dead  and  partly  decomposed 
caterpillar.  The  observations  of  the  writers  would  indicate  that 
adults  obtain  the  larger  portion  of  their  food  from  honeydew,  and 
(^specially  from  the  juices  exuding  from  the  injured  portions  of  their 
hosts.  Adults  are  found  in  large  numbers  on  foliage  covered  with 
the  exudations  of  honeydew,  no  matter  whether  it  is  formed  by  the 
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cane  leafhopper  {Perkinsiella  saccharicida  Kirkaldy)  on  sugar  ctnc 
by  the  green  scale  {Coccus  viridis  Green)  on  coffee  leaves  and  fruit 
by  the  com  leafhopper  {Peregrinus  maidis  Ashm.)  on  com  tassds 
and  leaves,  by  the  bean  aphis  {Aphis  gossypn  Glover)  <m  different 
varieties  of  beans,  or  by  the  banana  aphis  on  banana  foliage  tod 
flowers.  Wherever  honeydew  is  present  the  melon  fly  is  among  the 
many  insects  attracted. 

The  adults  are  particularly  fond  of  the  juices  exuding  from  ti* 
ruptures  made  by  the  female  in  the  epidermis  of  the  host  while  form- 
ing the  cavity  in  which  to  deposit  eggs.  Cucurbits  in  general  exude 
considerable  juice  when  injured,  and  this  is  eagerly  eaten  by  bcAh 
sexes  of  adults.  Fruits  broken  in  the  field,  crushed  vines,  and  even 
the  decayed  areas  in  infested  fruits  are  attractive  to  adults.  Although 
adults  have  seldom  been  observed  to  visit  the  flowers  of  cucurbits  in 
search  of  food,  they  have  been  observed,  apparently  feeding,  amoog 
the  flowers  of  Acacia  fctmesiana  Willd.,  the  banana  {Mu»a  spp.),  aDd 
sunflower  {HeUanthvs  sp.).  On  numerous  occasions  they  have  bea 
seen  drinking  small  droplets  of  moisture  during  the  early  momiof 
or  after  light  showers. 

In  the  laboratory,  in  confining  jars,  the  adults  have  been  kept  alive 
by  feeding  .with  several  fruit  juices,  but  they  thrived  best  upoc 
papaya  pulp  passed  through  cheesecloth  and  then  diluted  wiUi  abos 
twice  its  bulk  of  water. 

Of  special  interest  is  the  attraction  of  the  flowers  of  the  orch^ 
Phalaenopaia  schilleriana  Eeichb.  f.  Mr.  W.  M.  Giffard,  of  Hoihr 
lulu,  first  observed  adults  feeding  upon  the  nectar  of  this  ordui 
during  April,  1913.  Dr.  H.  L.  Lyon  and  Mr.  Albert  Waterhocbk 
also  of  Honolulu,  have  observed  many  adults  about  their  greenh<Nise. 
into  which  they  had  been  lured  by  the  orchid  flowers.  One  flor^ 
feared  that  the  adult  melon  fly  might  injure  the  blooms,  but  expei- 
ments  and  observation  proved  that  they  were  only  after  the  nectar. 

PBOPOBTION  OF  SEXES. 

The  sexes  are  quite  evenly  divided.  The  examination  of  1,049  ii& 
viduals  emerging  from  8  lots  of  fruit  showed  524  to  be  males  dsc 
525  to  be  females.  The  proportion  of  sexes  of  each  of  the  eight  kfr 
is  as  follows: 

Males 25 

Females 24 

MATING. 

So  far  as  the  writers  have  been  able  to  detect,  neither  sex  of  ^ 
melon-fly  adults  gives  off  an  odor. 

Inasmuch  as  adults  of  the  Mediterranean  fruit  fly  show  at  all  ti*^ 
during  the  day,  particularly  during  the  warmer  months,  ixidicatki* 
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of  sexual  activities  within  three  or  four  days  after  emergence,  and 
begin  ovipositing  soon  thereafter,  the  writers  were  at  loss  to  explain 
the  apparent  indifference  to  each  other  of  the  sexes  of  the  melon 
fly.  It  was  thought  for  a  time  that  failure  to  secure  evidence  of 
sexual  activity  might  be  due  to  improper  confinement  or  feeding,  and 
a  number  of  lots  of  adults  were  discarded  before  it  was  discovered 
that  melon  flies  mate  only  at  dusk  and  only  after  they  have  become 
somewhat  older  than  adults  of  Ceratitia  capitatcu 

Recent  feeding  experiments  with  the  melcm  fly  have  shown  that 
certain  foods  may  play  an  exceedingly  important  part  in  the  stimula- 
tion of  bodily  forces,  sexual  activity,  and  egg  maturation.  These 
experiments  have  shown  that  the  use  of  fresh  cucumbers,  cut  open 
and  kept  constantly  in  the  jars  containing  the  adults,  would  so 
accelerate  the  development  of  the  reproductive  system  that  copula- 
tion commenced  as  early  as  ten  days  after  emergence  from  the  pupal 
stage.  Thus,  in  four  lots  of  flies  emerging  on  October  24,  27,  28, 
and  29,  1916,  comprising  a  total  of  1,230  adults,  mating  commenced 
with  a  few  individuals  in  each  lot,  successively,  at  sunset,  the  tenth 
day  after  emergence,  the  mean  average  temperature  being  76.4°  F. 
and  the  mean  relative  humidity  69.1  per  cent.  This  is  a  most  striking 
condition  when  comparison  is  made  with  the  ages  at  time  of  first 
mating  of  adults  that  are  ccmfined  in  jars  of  similar  size,  but  fed  on 
papaya  and  water  or  sugar  and  water.  Many  hundreds  of  adults 
kept  in  confinement  during  the  years  1913,  1914,  and  1915  in  Hono- 
lulu and  fed  on  papaya  and  water  were  never  seen  to  mate  before 
20  days  after  emergence.  Thus,  out  of  about  200  individuals  emerg- 
ing (m  May  24,  1914,  which  were  fed  on  papaya  and  water  one  pair 
was  noted  in  coition  for  the  first  time  on  June  18,  or  20  days  after 
emergence.  Among  a  second  lot  of  adults,  emerging  on  May  23  and 
similarly  fed,  no  adults  mated  until  June  16,  when  two  pairs  were 
seen  mating.  The  majority  of  females  in  these  lots  did  not  mate 
until  they  were  fully  26  days  old.  The  daily  mean  temperature  for 
the  period  from  May  28  to  June  16  averaged  75.5®  F.,  while  the  mean 
relative  humidity  averaged  69.8  per  cent.  Individuals  of  another 
lot  of  flies  emerging  January  8,  1916,  and  fed  on  papaya  and  water 
showed  no  indications  of  mating  until  early  in  February.  The  lower 
average  mean  temperature  of  71°  F.,  and  the  higher  mean  relative 
humiddty  of  78.6  per  cent  of  January,  were  responsible  for  the  greater 
period  required  for  the  beginning  of  sexual  activity. 

Evidences  of  sexual  activity  begin  during  the  warmer  months  only 
at  about  simset.  From  sunset  until  darkness  the  sexes  are  in  a  state 
of  intense  activity.  Both  sexes  dart  rapidly  about  the  containing 
jar  and  in  their  efforts  to  copulate  produce  much  confusion.  Pairs 
remain  in  coitu,  in  some  instances,  until  daybreak.  Females  mate 
frequently  and  with  different  males. 
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mean  temperature  for  January  was  71°  F.  during  1916  and  the  mean 
relative  humidity  78.5  per  cent,  did  not  oviposit  until  February  17, 
although  they  were  given  abundant  opportunity.  In  this  instance  no 
eggs  were  deposited  until  the  females  were  44  days  old. 

In  the  case  of  the  adults  emerging  January  3,  1916,  and  fed  on 
papaya  and  water,  dissections  were  made  of  the  ovaries  of  females 
at  frequent  intervals  from  the  time  of  emergence  until  egg  laying 
began.  The  appearance  of  the  ovarian  tubes  dissected  from  females 
1, 23,  33,  and  38  days  after  emergence  is  shown  in  Plate  XXIII.  At 
no  time  were  the  ovarian  tubes  found  to  contain  a  well-graduated 
series  of  eggs,  as  is  found  in  many  insects,  or  as  found  by  Dr.  lUings- 
worth  in  the  ovarian  tubes  of  the  apple  maggot  {Rhagoletis  porno- 
neUa  Walsh)  and  the  cherry  fruit  fly  (Rhagoletis  fausta  O.  S.) 

From  the  observations  made  upon  the  development  of  the  eggs  of 
melon  flies  fed  upon  the  juice  of  cucumbers  it  seems  reasonable  to 
conclude  that  under  natural  conditions  egg  deposition  commences 
almost  as  soon  as  the  eggs  have  reached  maturity  in  the  egg  tubes. 

Whether  confinement  does  retard  egg  development  has  been  diffi- 
cult to  determine,  but  development  of  eggs  within  the  ovarian  tubes  of 
the  Mediterranean  fruit  fly  progresses  so  rapidly  in  confinement  under 
like  conditions  that  the  writers  conclude  that  confinement  of  the 
female  melon  fly  in  large  jars,  with  plenty  of  food,  does  not  retard 
development. 

PorHon  of  plant  selected. — ^The  female  fly  deposits  eggs  at  raji- 
dom  in  various  portions  of  the  host  plants,  the  portion  selected  de- 
pending largely  upon  the  stage  of  growth  and  variety  of  host.  In 
young  seedlings,  particularly  succulent  watermelon  seedlings,  eggs 
are  deposited  within  the  crown  of  the  plant  or  in  the  petiole  of  the 
leaf.  As  the  cucurbits  develop  runners  the  eggs  may  be  deposited  in 
these,  usually  near  the  growing  tip  or  less  frequently  farther  back  in 
the  tougher,  older  portions.  The  older  vines  are  seldom  made  use  of 
for  oviposition,  and  of  the  cucurljits,  the  vines  of  the  pumpkin, 
squash,  momordicas,  and  cucumbers  are  least  attractive.  No  oviposi- 
tion has  been  noted  in  tomato  or  bean  stalks.  The  female  prefers 
to  oviposit  within  the  unfertilized,  still  undeveloped  ovaries  of  all 
cucurbits,  with  the  exception  of  the  young  cucumbers,  which  are  not 
attacked  until  the  fruits  are  from  2  to  4  inches  long.  Ovipositing 
into  the  male  bloom  of  squash  and  pumpkin  is  so  universal  that  it 
would  appear  that  this  portion  of  the  plant  is  as  attractive  to  the 
female  as  the  unfertilized  ovaries.  Oviposition  has  never  been  ob- 
served to  occur  in  the  male  bloom  of  watermelon,  cantaloupe.  Mo- 
mordAca  spp.,  or  the  bloom  of  tomatoes,  cucumbers,  and  beans.  Even 
ifter  pumpkins  and  squashes  become  so  well  developed  that  the 
xielon-fly  larvae  can  not  penetrate  and  cause  their  destruction,  the 
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female  deposits  batch  after  batch  of  eggs  in  the  breaks  in  the  epi- 
dermis and  superficial  wounds  made  by  larvee  developing  from  previ- 
ously deposited  eggs. 

Process  of  oviposition. — ^The  process  of  oviposition  may  be  readily 
seen  at  all  seasons  of  the  year  in  Hawaii.  When  the  female  has 
found  a  suitable  place  for  oviposition  the  abdomen  is  bent  at  nearly 
right  angles  to  the  long  axis  of  the  body  by  drawing  its  tip  toward 
the  legs.  Having  secured  a  proper  purchase,  the  ovipositor  is  forced 
into  the  host  to  depths  varying  to  i  inch.  The  depth  of  the  inci- 
sion made  by  the  ovipositor  varies  with  the  succulency  of  the  host, 
hence  the  small  chamber  for  the  reception  of  the  eggs  may  lie  directly 
beneath  the  epidermis  or  fully  the  length  of  the  eggs  beneath  it 
The  data  included  in  Table  II  indicate  that  the  female  does  not  de- 
posit more  than  37  eggs  at  one  time,  although  many  punctures  ccm- 
tain  but  one  egg.  The  number  of  eggs  found  in  any  one  puncture, 
especially  where  the  number  is  large,  is  not  indicative  of  the  number 
of  eggs  deposited  during  one  period  of  oviposition,  as  many  fenudes 
may  oviposit  through  the  same  break  in  the  epidermis,  or  the  same 
female  may  return  more  than  once  to  deposit  fresh  batches  of  eggs. 
This  is  particularly  true  in  the  case  of  host  fruits  which  may  off^ 
obstacles  to  egg  laying. 

Bdte  of  oviposition. — No  data  have  ever  been  published  on  the  daily 
rate  of  oviposition,  except  by  the  writers  in  their  preliminary  paper 
(46).  The  data  included  in  Tables  II,  III,  and  IV  record  the  rate 
of  oviposition  not  only  of  individual  females  which,  from  the  tiBM 
they  began  ovipositing  until  they  died,  were  kept  well  supplied  with 
host  fruits,  but  also  of  others  which  had  been  deprived  of  host  fruits 
until  they  were  over  9  months  of  age. 

In  Table  II  is  recorded  the  rate  of  oviposition  of  7  females  which 
were  given  every  opportunity  to  oviposit  in  preferred  host  fruits, 
tomatoes,  throughout  life.  No  fly  deposited  more  than  37  eggs  a 
day.  Fly  No.  1  deposited  14,  19,  13,  29,  16, 19,  16, 12, 17,  7,  9,  16,  7, 
12,  37,  25,  24,  21,  28,  6,  and  18  eggs,  respectively,  per  day  during  tiie 
first  three  months  (summer  months)  after  depositing  her  first  eggs. 
During  the  same  period  fly  No.  3  deposited  but  13,  9,  15,  10,  4,  19,  3, 
18,  4,  and  3  eggs,  while  fly  No.  4  deposited  3, 10,  25,  6, 11, 11,  6,  11, 1, 
3,  16,  10,  9,  and  24  eggs.  Fly  No.  1  deposited  in  ihe  winter  mcmtfas 
during  tke  seventh,  eighth,  and  ninth  months  of  life  10,  2,  18,  14,  15, 
20, 13,  9,  and  3  eggs.  Fly  No.  4  deposited  during  the  ninth  and  last 
month  of  life  (winter  month)  but  3,  2,  3,  4,  1,  1,  and  1  eggs. 

The  oviposition  records  of  Table  III  were  made  by  females  gives 
no  opportunity  to  oviposit  in  host  fruits  until  over  3  months  old. 
Fly  No.  1  deposited  21, 14, 4, 1, 10,  18,  3,  3, 16, 2, 8, 13, 13,  8,  10, 10,  li 
9,  and  16  eggs,  respectively,  per  day  during  the  first  3  months  (s 
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mer  months)  after  having  been  given  access  to  host  fruits.  Under 
like  conditions  fly  No.  2  deposited  2,  17,  13,  12,  4,  7,  16,  14,  28,  8, 
12, 17, 12,  and  29  eggs,  respectively,  per  day  during  the  first  4  months. 

Fly  No.  1  of  Table  IV,  which  was  not  given  access  to  host  fruits 
until  she  was  nearly  8  months  old,  deposited,  as  indicated,  21,  7,  13,  3, 
18,  13,  10,  and  2  eggs  on  different  days  during  the  ninth  month 
(October-November)  of  her  life.  Fly  No.  2  of  Table  IV,  which 
was  not  given  access  to  host  fruits  until  she  was  nearly  9^  months 
old,  deposited  6,  2,  7,  6,  3,  6, 1,  3, 12,  3,  3,  8,  and  4  eggs  on  different 
days  during  the  eleventh,  twelfth,  and  thirteenth  months  of  life, 
which  also  were  the  last  3  of  life  and  colder  than  the  average  for 
December,  January,  and  February  at  Honolulu. 

The  melon-fly  female  differs  from  the  female  of  the  Mediterranean 
fruit  fly  in  that  she  deposits  a  larger  number  of  eggs  per  day  at 
greater  intervals  instead  of  a  smaller  number  almost  daily.  Fly  No. 
4,  Table  II,  very  closely  approached  the  habit  of  GeraiMs  cwpitata 
by  depositing  a  small  number  of  eggs  daily  with  great  regularity 
from  November  2  to  the  middle  of  the  month.  It  will  be  noted  that 
the  flies  whose  records  appear  in  Table  IV  averaged  10  and  6  eggs, 
respectively,  for  each  day  on  which  they  oviposited,  which  compared 
quite  favorably  with  the  averages  of  9.5, 13.6,  and  13.5  of  Table  III 
and  14.9, 9.4, 6.3, 5.3, 10.3, 7.6,  and  13.1  of  Table  II,  especially  when  one 
considers  the  small  number  of  flies  under  observation  and  the  varia- 
tion in  egg-laying  capacity  shown  by  the  larger  number  and  very 
much  yoimger  flies  of  Table  II,  and  the  colder  months  of  the  year 
during  which  the  eggs  were  deposited.  Fly  No.  1  of  Table  II,  which 
deposited  a  total  of  687  eggs,  averaged  but  slightly  over  3  eggs  per 
day  during  the  227  days  between  the  time  when  she  deposited  her 
first  and  last  eggs. 

Tablk  II. — Da^y  rate  of  oviposition  of  the  melon  flies  that  emerged  on  May  25 
and  were  placed  separately  with  fruit  on  June  25,  1914, 


Number  of  eggs  deposited. 

Dsteofob8Qrvatk)n.> 

No.l 

Fly 

No.  2. 

Fly 
No.  3. 

Fly 

No.  4. 

Fly 
No.  5. 

Fly 
No.  6. 

Fly 
No.  7. 

1914. 
Julv  10 

23 

^ii;;;:::::;:::;:;:::::::::: 

, 

18 

17 

16 

14 

12 

17 

9 

14 

18 

19 

19 

19 

21 

6 

22 

13 

23 

10 

24 

8 

26 

23 

27 

29 

29 

21 

Anflr,    1 

io 

6 

^^    2::::::::::::::::::::....: 

15 

>  Dates  on  which  none  of  the  flies  oviposited  are  omitted  from  the  table. 
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Taslx  II. — Daily  rate  ofovipoMtian  of  the  melon  flies  that  emerged  on  M*^: 
and  were  placed  separately  with  fruit  on  June  25,  iPl-i— Ck>ntijraed. 


Number  of  eggs  deposited. 

No.?. 

Fly 
No.  2. 

Fly 
No.  3. 

Fly 
No.  4. 

Fly 
No.  5. 

Fly 
No.«. 

FIT 

1914. 
Am.  4 

2 

16 

5  ::::::::;:::;:::::::::: 

25 

6 

16 

7 

6 

8 

10 
3 

8 

9  , 

19 

U 

6 

1 

12 

2 

10 

13 

U 

16 

S 

16 

10 

' 

1« 

1 
2 

, 

17 

11 

» 

18  

11 

1 

19 

12 

1 
8 

1 

23  

! 

24 

17 
7 
9 

12 

9 

5 

29  

11 

30 

Sept.  2 

2 

3 

4 

16 

6 

7 
0) 

6 

6 

8 

7 
12 

13 

9 

10 

(«) 

17 

2 

18 

5 

4 

19 

2 

23 

87 
25 

24 
10 
13 

11 

1 

25 

26 

19 

2 

27 

24 

Oct.  2 

6 

3 
IS 

3 
16 
10 

9 
24 

% 

7 

21 
28 
6 

U 

9 

10 

4 

12 

V. 

13 

18 

r 

14 

8 

16 

4 
29 

i9 
4 

16 
5 

13 
2 

15 
4 
9 





i: 

16 

16 

'  ' 

u 

17 



1 

18 

82 
1 
6 

31 
6 
7 

< 

19 

2 

t 

20 

g 

21 

6 
9 

4 

23 

» 

24 

25 

8 

U 

26 

* 

27.. 

19 

12 
2 

14 

28 



**"'  u 

29 

19 

14 

30 

(^ 

Nov.  2 

2 
23 

4 
12 

8* 

6 
14 

2 

7 

6 

8 

7 
10 

8 

9 

8 

2 

3 

4 

6 

6 

10 

7  . 

8 

9  . 

1 

10 

11 

1 

13.. 

! 

16 

17..  . 

U 

18 

10 

19 

9 

4 

21 '.,..'.'.'.'. 

3 

i  Fly  escaped. 

*  Died  on  this  date;  no  eggs  in  abdomen. 

>  Died  on  this  date. 
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Tabue  II. — Daily  rate  of  oviposition  of  the  melon  flies  that  emerged  on  May  25 
and  were  placed  separately  with  fruit  on  June  25,  /Pl^— Continued. 


Nanlberof  eggs  deposited. 

Date  of  otwervatkn. 

No.l 

Fly 
No.  2. 

Fly 
No.  3. 

Fly 
No.  4. 

Fly 
No.  6. 

Fly 
No.  6. 

Fly 
No.  7. 

1914. 
Nov  22..  .           

8 

28 

10 

26 

3 

27 

2 

30 

2 

3 

4 

Dec.    1 

2 

18 
14 

6 

13 



10 

1 
1 

1 

14 

16 

19       

20 

20 

1915. 
Jan     ^  

0) 

4 

1 

8::^:x::::;:::::::::!:! 

13 
0 

14 

1ft 

8 

27 

0 

Feb.   1 

0) 

27 

3 

0) 

Mar.  26 

Total 

687 

94 

162 

261 

134 

91 

302 

>  Died  on  this  date. 

Number  of  eggs  deposited  by  single  females. — It  has  been  difficult 
to  ascertain  the  maximum  egg-laying  capacity  of  individual  females 
owing  to  the  immense  amount  of  time  required  in  keeping  the  flies 
supplied  with  fresh  host  fruits  and  in  making  the  dftily  searches  for 
eggs  deposited,  and  the  disadvantages  accruing  through  mortality. 
It  has  been  shown  that  the  rate  of  ovipositicm,  as  evidenced  particu- 
larly by  the  data  in  Table  II  among  young  flies  of  the  same  age  and 
kept  under  identical  conditions,  varies  for  no  apparent  reason.  The 
total  numbers  of  eggs  deposited  by  the  7  females  of  Table  II  are  687, 
94,  152,  261,  1S4,  91,  and  302,  respectively.  Fly  No.  1  of  Table  III, 
which  was  placed  with  host  fruits  for  the  first  time  when  she  was 
about  18  weeks  old,  deposited  a  total  of  200  eggs  during  the  r^nain- 
ing  100  days  of  life.  Since  Fly  No.  1  of  Table  II  deposited  687  eggs 
during  the  10  months  of  life,  and  other  females  kept  without  access 
to  host  fruits  deposited  eggs  during  the  398  to  400  days  following 
emergence  (Table  I),  it  would  appear,  as  substantiated  by  the  data 
collected,  that  under  the  most  favorable  climatic  conditions  in  the 
field  a  total  of  1,000  eggs  per  female  is  not  too  great  a  number  to 
expect  of  vigorous  and  long-lived  females. 

Ovipositio7i  in  absence  of  host  plants. — The  fact  that  the  flies 
whose  egg-laying  capacity  is  recorded  in  Tables  III  and  IV  were  not 
given  an  opportunity  to  oviposit  in  fruits  until  3,  8,  and  9  months 
after  emergence  does  not  indicate  that  sexual  development  had  been 
completely  checied  during  this  interval,  or  that  no  eggs  were  depos* 
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ited.  Females  will  deposit  eggs  on  the  sides  of  the  containing  recep- 
tacles if  they  are  not  given  fruit  in  which  to  oviposit  They  do  not 
seem,  however,  to  deposit  as  freely  as  when  placed  with  fruits.  A 
small  number  of  flies,  still  alive  of  those  emerging  from  pup»iii 
February  17,  1914,  were  observed  to  lay,  as  usual,  a  few  eggs  on  the 
sides  of  the  containing  jars.  A  record  of  the  eggs  deposited  vis 
made  every  few  days,  beginning  with  December  17, 1914,  and  ending 
April  4,  when  the  last  female  died.  The  record  of  these  eggs  appears 
in  Table  I  under  the  subject  of  longevity  of  adults.  The  dates  on 
which  the  observations  were  made  were  arbitrarily  chosen  to  confora 
with  other  laboratory  work  and  are  not  necessarily  those  on  whiA 
the  eggs  were  actually  laid.  When  one  considers  that  these  female 
had  no  fruit  oflPered  them  throughout  their  life,  the  number  of  eggs 
laid  is  very  interesting;  thus  11  eggs  were  deposited  between  Mardi 
22  and  25,  or  from  398  to  400  days  after  the  flies  emerged. 

Ability  to  resume  normal  oviposition  after  period  of  scard^  of 
host  frwts. — The  data  in  Tables  III  and  IV  are  valuable,  inasmnck 
as  they  demonstrate  that  the  female  melon  fly  which  has  been  it 
prived  of  all  opportunity  to  oviposit  in  fruit  can  begin  ovipositing  at 
the  normal  rate  when  host  fruits  become  available.  Thus  the  thw 
flies  whose  records  are  included  in  Table  HI  had  been  kept  in  gl«» 
jars  from  the  date  of  their  emergence  from  pupae  on  Febniaiy  1^ 
until  May  22,  or  about  13  weeks,  while  the  two  whose  records  appetf 
in  Table  IV  were  not  given  an  opportunity  to  oviposit  in  fruits  until 
October  8  and  November  26,  respectively,  or  from  about  31  weAsto 
about  37  weeks  after  emergence. 

Table  III. — Daily  rate  of  ovipositinn  of  melon  flies  that  emerged  on  FefcrB«^ 
17  and  were  placed  separately  with  fruit  on  May  2B,  1914. 


Number  of  eggs  deposited. 

Date. 

Number  of  eggs  dcporiM. 

Date.  I 

Fly  No.  1. 

Fly  No.  2. 

Fly  No.  3. 

Fly  No.  1. 

FIyNo.a.nj!ifcl 

1    ___ 

Mftv  22 

21 
14 

4 

Au£.    3 

13 

! 

30 

2 

^     4 

P 

31    

2 

8 

8|          ^ 

Juno    6 

17 

9 

8 
10 
10 

8 1 

13 

10 

X 

15 

* 

9 

1 

12 

,          1 

16 

1 

15 

1 

17  .  .      .     . 

•;;;;i2|:::::::;.;: 

16 

ia' 

21 

10 

17 

12 

23         .   .. 

4  1 

'    18 

!!!!:!!?!!!"     » 

28 

10  1 

19 

9 
16 
2 

30    

18 

22         ... 

Jnlv     fi 

^1 

25 

^  iS::::::::::::: 

3 

29 

17      -- 

15      

16 

1 

30 

7 

16 

3 
16 
2 

1 

Sept.   3 

C; 

19    

1 

6    . 

0) 

ui;:::- 

29  

(»)        

21 

17 

24 

14 

23!          !!!!-! 

36 

17 
13 

4 

1 

94 

27 

8 

28 

Total 

30.!!!..!!.!!  ' 

200 

m        » 

31 

13 

l™*S*^*r,^.°**°*  °'  ^^^. ^^  oviposited  are  omitted  from  the  table. 
>  Died  oa  this  date;  no  eggs  in  abdomen. 


>  Adult  loit. 
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Table  IV. — DaUy  rate  of  oviposition  of  two  melon  flies  that  emerged  on  Feb- 
ruary 11,  1914f  and  were  placed  separately  with  fruit  on  October  8  and 
November  26,  respectively. 


Fly  No.  1,  placed  with  fruit  Oct.  8, 1914. 

Fly  No.  2,  placed  with  fruit  Nov.  36, 1914. 

Date  of 

O^pOBltlOQ.1 

Number 
of  egn  de- 
ported. 

Date  of 
oviposition. 

Number! 
ofensde- 
posfted. 

Date  of 
oviposition. » 

Number 
of  eggs  de- 
posited. 

Date  of 
of  oviposition. 

Number 
of  egKS  de- 
posited. 

Oct.     8 

10 

14.. 

17 

30 

83 

Nov.    3 

5 
12 
12 
21 

7 
13 

3 

Nov.    4 

9 

13 

15 

19 

27 

18 
13 
10 
2 

4 

Nov.  27 

30 

Dec.    1 

6 

13 

17 

18 

21 

23 

27 

14 
3 

fan.  30 

36 

Feb.    9 

16 

22 

26 

Mar.    3 

12 

29 

12 

>  Dates  on  which  no  eggs  were  laid  a*'e  omitted  from  this  table, 
s  Died  on  this  date. 

Activity  in  feeding  and  oviposition, — ^Like  numerous  insects  in 
semitropical  climates,  the  adult  melon  fly  rests  during  the  heat  of  the 
day  in  the  warmest  months.  During  this  part  of  the  day  adults  may 
be  found  resting  on  the  underside  of  any  vegetation  offering  sufficient 
protection.  During  the  cooler  morning  and  afternoon  hours  they  may 
be  found  flying  about  their  hosts  or  other  vegetation  offering  food. 
As  cooler  weather  approaches  and  during  the  winter  months  adults 
are  found  feeding  and  ovipositing  at  all  times  of  the  day,  or  only 
during  the  noon  hours  if  ^he  mornings  and  evenings  are  cooler  than 
usual. 

MIGBATION  OF  ADULTS. 

Observation  indicates  that  the  adult  melon  fly  is  a  very  much 
stronger  flier  than  the  adults  of  the  Mediterranean  fruit  fly.  Its  host 
plants  are  grown  so  generally  throughout  littoral  Hawaii  that  it  is 
difficult  to  offer  conclusive  data  on  distances  covered  by  adults.  Ex- 
amination has  shown  that  adults  do  not  remain  upon  their  host 
plants  exclusively,  but  that  they  may  congregate  in  large  num- 
bers upon  the  foliage  of  any  densely  growing  plant,  bush,  or  tree, 
either  close  to  or  at  considerable  distance  from  known  host  plants. 
They  are  able  to  rove  for  a  number  of  months  where  no  host  plants 
are  available  for  oviposition,  and  if,  as  the  longevity  of  certain  in- 
dividuals in  the  laboratory  would  indicate,  hardy  specimens  can 
subsist  for  over  a  year  without  host  plants  for  oviposition,  this  radius 
of  migration  must  be  considerable.  It  is  certain  that  no  hosts  can 
be  planted  in  the  Hawaiian  Islands,  no  matter  how  isolated,  without 
very  soon  being  attacked. 

Adults  do  not  appear  to  travel  in  swarms.  It  is  seldom  that  one 
sees  more  than  a  single  individual  at  a  time  feeding  upon  honeydew 
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at  any  distance  from  the  host  plants.     In  the  laboratory,  however, 
the  adults  often  gather  in  small  colonies  upon  the  ceiling. 


THE  EGG. 


DB8CBIPTION. 

The  egg  (fig.  2)  is  pure  white,  about  2  mm.  long,  elongate  elliptical,  nearly 
flat  on  the  ventral  surface,  more  convex  on  the  dorsal.  Eggs  are  often  some- 
what curved. 

DURATION. 

The  duration  of  the  egg  stage  of  the  melon  fly  is  very  short.  Dur- 
ing the  warm  summer  weather  of  August,  1914,  when  during  the 
developmental  periods  the  average  mean  tempera- 
ture of  Honolulu  averaged  79.5°  F.  and  the  aver- 
age range  in  temperature  was  only  8.3°.  267  eggs 
hatched  in  from  26  to  35  hours  after  deposition. 
Of  these  eggs,  which  were  deposited  during  a 
period  of  1  hour,  as  shown  by  the  data  in  Table 
V,  149,  or  slightly  over  56.6  per  cent,  hatched 
within  from  26  to  28  hours  after  depositioiL 
'VATien  the  average  mean  temperature  for  the  incu- 
bation period  averaged  75.6°  F.  and  the  daily 
^  range  in  temperature  about  10.4°,  84  eggs  de- 
posited between  3.15  and  3.30  p.  m.  on  May  19 
hatched  between  10  p.  m.,  May  20,  and  2  a«  nu 
b  May  21,  or  within  from  31  to  38  hours  after  dep- 

osition.   At  a  mean  temperature  of  about  75°  F. 
Of)  eggs  hatched  within  from  33  i 
deposition.     At    the    still    coolei 
temperature  of  73.6°  F.  88  eggs 
from  40  to  50  hours  after  deposit 
While  the  data  included  in  Ta 
mation  regarding  the  duration  ol 
Honolulu  or  littoral  Hawaii  in  ge 
to  November,  other  data  show  tha 
to  March  embryonic  developmen 
least  3  to  4  days  when  the  mean  temperatures  droj 
At  higher  altitudes  this  period  may  be  appreciably  ] 
still  lower  temperatures,  although  it  is  unlikely  i 
where  the  melon  fly  is  found  in  Hawaii  the  duratior 
is  more  than  0  days.     Host  fruits  containing  eggs 
normal  Honolulu  conditions  between  10  a.  m.  and  3  j 
were  placed,  30  minutes  after  deposition,  in  a  large 
held  at  a  temperature  varying  between  50°  F.  and  6 


Fig.  2. — The  mplon 
fly :  a.  Eggs  tlo- 
posited  In  cavity 
in  young  pumpkin 
flower ;  6,  single 
egg,  enlarged. 
(Original.) 
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tions  made  daily  by  H.  F.  Willard  show  that  after  4  days  38  out  of 
174  eggs  had  hatched  at  this  temperature,  while  of  the  138  still  un- 
hatched  103  and  10,  respectively,  hatched  after  removal  to  normal 
temperature  on  the  fifth  and  sixth  days.  After  6  days,  44  out  of 
64  eggs  were  found  hatched  in  another  lot  of  fruits  examined,  and 
of  the  20  eggs  removed  to  normal  temperatures  but  1  hatched  on 
the  seventh  day  after  deposition.  •  Examinations  of  fruit  made  after 
the  sixth  day  prove  all  eggs  either  to  have  hatched  or  died. 

In  cold-storage  experiments  tlie  egg  stage  was  prolonged  to  at 
least  12  days.  Thirty-four  eggs  out  of  107  in  situ  in  pumpkins  gath- 
ered in  the  field  May  11,  1914,  and  held  in  storage  at  49""  to  52^  F. 
until  May  21,  or  for  10  days,  hatched  on  May  22,  or  at  least  11  days 
after  deposition.  '  During  summer  temperatures  the  duration  of  the 
egg  stage  may  be  likewise  prolonged  to  as  much  as  10  days  by  sub- 
jecting the  host  fruits  containing  the  eggs  to  temperatures  ranging 
from  ^5  to  40"^  F.  Table  VIII  contains  data  on  the  effect  of  cold 
storage  temperatures  upon  egg  mortality. 

Table  V. — Duration  of  the  eyg  stage  of  the  melon  fly  at  Honolulu, 


Nnmber 
ofesgs 
ander 

observa' 

tkXL 


Eggs  deposited. 


Day. 


Aug. 

..do.. 

..do.. 

..do.. 

..do.. 
9  ...do. 
6  ...do.. 
90  i...do.. 
«l...do.. 
87  ...do.. 
7|...do.. 
5  ...do.. 
2  ...do. 


20 


Period. 


Eggs  hatched. 


Day. 


May 
May 

...do. 
May 
...do. 


ia30toll.30a.m 

....do 

do 

....do 

do 

do 

do 

do 

do 

do 

....do 

....do 

.do. 


Aug.    21 
...do.... 

...do 

...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 
do. 


3.15to8.30p.  m May     20 

4to6p.m I  May    16 

10  a.  m.  to  1  p.  m May     14 

do ...do 

11.30  a.  m.  to  2  p.  m i  May    13 

do ...do 


Period. 


1  to  2  p.  m 

2  to  2.15  p.  m 

2.30 10 2.45 p.  m.. 
2.45  to  3  p.  ni 

3  to  3.15  p.  m 

8.15to3.S0p.  m.. 
3.30  to  3.45  p.m.. 

3.45  to  4  p.  m 

4to4.30p.  m.... 
4.30 to6p.  m.... 

dtoSp.m 

8to9p.  m 

OtolOp.  m 

10p.m.  to 2a.  m 

3  to  5.30  a.  m 

AboutOp.m 

10  p.  m.  to  8  a.  m 

3toda.m 

6to9.30a.m 


Average 
mean 

tempera- 
ture for 
period. 


79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
79.5 
76.6 
75.0 
76.5 
75.5 
73.6 
73.6 


HATCHING. 

Several  hours  before  hatching  the  dark-brown  head-hooks  of  the 
larva  can  be  seen  working  backward  and  forward  in  a  probable  at- 
tempt on  the  part  of  the  larva  to  break  its  way  through  the  egg  mem- 
branes. The  head  lies  just  back  of  the  pointed  anterior  end  of  the 
egg  and  the  larva  ultimately  breaks  through  the  inner  membranes  and 
shell  at  this  end  and  crawls  out  through  the  opening  thus  made.  As 
the  larva  pushes  its  way  out,  the  nipture  of  the  eggshell  extends  far- 
65782"— Bull.  491—17 3 


Digitized  by 


Google 


34 


BULLETIN   491,   U.   S.   DEPARTMENT  OF  AGRICULTURE. 


ther  and  farther  back  for  a  distance  of  from  one-half  to  three-quar- 
ters of  the  length  of  the  egg.  The  pointed  tip  of  the  egg  remains 
uninjured.  The  eggshell  completely  collapses  as  soon  as  the  larva  has 
entirely  withdrawn. 


Fio.  3. — The  melon  fly :  Newly  hatched  larva,  showiog  absence  of  anterior  spiraclea 
and  main  tracheal  system.     Enlarged.     (Original.) 


Fio.  4. — The  melon  fly ;  Mandibles  or  mouth  hooks  of  larva,     a.  First  instar ;  b,  aecoad 
instar;  c,  third  instar.     Enlarged.    (OriginaL) 

THE  LARVA. 

DESCRIPTION. 

The  larva  in  all  instars  is  pure  glistening  white,  except  as  appear- 
ances are  altered  by  the  color  of  the  various  host  fruits  within  the 
alimentary  canal.    The  larva  passes  through  three  instars,  which 
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Fig.  5.— The  melon  fly  :  Pos- 
terior spiracles  of  first -In- 
Ftar  larva.  Enlarged. 
(Original.) 


cWYTTorm^^ 


are  easily  distinguished  from  each  other  by  differences  in  structure 
as  well  as  in  size.  T^nle^  otherwise  noted  the  Newport  or  hidden 
segment  is  not  counted  in  nimibering  the 
segments. 

First  larval  instar  (flg.  3). — Length  about  2 
mil].  Mouth  hooks  smaU,  about  0.45  mm.  long 
and  shaped  as  iUustrated  in  figure  4,  o.  Anterior 
spiracles  found  In  succeeding  instars  are  lack- 
ing. Posterior  spiracles  minute,  being  about 
0.046  mm.  across  at  the  widest  point.  Stigmal 
plates  approximate,  each  with  two  instead  of 
tliree  slits,  as  shown  in  figure  5.  The  fine  bristles 
arranged  in  three  groups  about  the  stigmal  plates 
are  somewhat  longer  than  the  width  of  the 
tracheal  trunks  at  their  termination. 

Second  larval  instar. — Length  about  5.1  mm. 
The  second-instar  larva  is  sufficiently  large  to  be 
readily  distinguished  by  its  size  from  the  flrst- 
instar  larva  but  not  from  undersized  third-Instar 
larvae.  It  differs  principally  from  the  third-lnstar 
larva  by  the  shape  of  the  anterior  spiracles  (flg. 
6,  &),  which  are  terminated  in  about  18  to  20 
lobes  arranged  in  two  groups  as  the  result  of  a 
depression  in  the  center  of  the  distal  margin  of 
the  spiracle.  Spiracles  about  0.10  mm.  wide  at 
the  widest  point.  The  posterior  spiracles  (fig.  7) 
less  heavily  chitinized  than  in  the  third  instar; 
stigmal  plates  approximate,  each  with  three  slits 
which  are  proportionately  shorter  than  those  of 
the  third  instar.  The  bristles  about  the  margins 
of  the  stigmal  plates  arranged  in  four  sets  in- 
stead of  three  as  In  the  first  instar  and  rela- 
tively shorter  and  finer.  Mouth  hooks  (fig.  4,  b) 
about  0.47  mm.  long. 

Third  larval  instar  (fig.  8). — Length  about  10 
mm.  Head  slightly  bilobed,  at  least  with  two 
prominent  thick  fleshy  protuberances.  Each  pro- 
tuberance bears  two  pairs  of  microscopic  papillje, 
both  on  the  distal  portion,  but  one,  the  more  dor- 
sal, more  antennalike  in  Its  formation,  though 
without  a  terminal  style  or  bristle;  the  more 
ventral  pair  but  little  elevated  from  the  surround- 
ing portions  of  the  body,  yet  made  quite  evident 
by  several  concentric  rings.  Mandibles  or  mouth 
hooks  very  distinct,  black,  about  0.84  mm.  long, 
as  illustrated  In  figure  4,  c.  Mandibles  protrude 
from  two  openings,  one  on  each  side  and  just  an- 
terior to  the  mouth  opening.  Between  and  just 
anterior  to  the  mandibular  openings  is  a  slight 
protubernnce.  Lnbrum  dlstlnc^t,  more  or  less  circu- 
lar, though  appearing  variously  in  dlflFerent  alco- 
holic specimens ;  lobes  about  orifice  about  20  in  number.  Anterior  spiracles  on 
lateral  margins  of  second  segment  fan  shaped,  with  distal  margin  straight  or 


Fig. 


6. — The  melon  fly  : 
Of  Anterior  spiracle  of 
third-instar  larva  ;  b,  an- 
terior spiracle  of  second- 
iDStar  larva.  Enlarged. 
(Original.) 


Fig.  7. — The  melon  fly :  Poste- 
rior spiracles  of  second-instar 
larva.  Enlarged.  (Orig- 
inal.) 
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but  slightly  rounded,  bearing  18  or  20  lobes,  as  illustrated  in  figure  6,  a.  Pos- 
terior stigmal  plates  very  evident,  not  appreciably  elevated  or  depressed,  ap- 
proximate, each  with  three  well-chitinized  slits  pointing  toward  those  of  tlie 
opposite  plate  as  illustrated  in  figure  9.  Slits  proportionately  longer  and 
narrower  than  in  either  of  the  other  instars.  The  fine  bristles  about  margin 
of  stigmal  plate  arranged  in  four  sets,  relatively  finer  and  shorter  than  in 
the  second  Instar.  Anal  opening  on  venter  of  last  segment,  Avith  a  rouDck^i 
protuberance  on  either  lateral  side,  the  entire  area  including  these  proti- 
berances  elevated  to  form  a  distinct  tubercle  armed  about  its  base  by  a 
concentric  area  of  minute  spinules.  Body  of  larva  glabrous,  except  for  areas 
of  microscopic  spinules  arranged  as  follows:  Band  on  Newport's  segment  cov- 
ering the  anterior  two-thirds  of  the  dorsum  but  widening  ventrally  to  cover 
the  venter ;  narrower  bands  extending  about  the  anterior  margin  both  dorsallv 
and  ventrally  of  the  second,  third,  and  fourth  segments;  fusiform  ban* 
composed  of  broken  rows  upon  the  venter  only  of  segments  5  to  12.  There 
are  no  lateral  spinulose  areas  on  segments  5  to  12. 


Fig.  8. — The  melon  fly  :  Third-instar  larva,  o.  Lateral  view  of  entire  body ;  *,  dorsal 
view  of  anterior  end ;  c,  d,  lateral  and  ventral  views  of  same.  Enlargcd- 
(Original.) 

DURATION    OF    LARVAL    INSTARS. 

The  larva  of  the  melon  fly  passes  through  three  instars  before  be- 
coming full  grown.  The  number  of  hours  passed  in  each  instar  has 
been  obtained  for  the  first  12  larva?  recorded  in  Table  VI.  These 
larvae  were  transferred  daily  to  fresh  pieces  of  ripe  papaya  pulp, 
and  were  therefore  given  the  best  combination  of  food  and  tempera- 
ture for  rapid  development  known  to  the  writers.  The  majority  of 
these  12  larvae  passed  about  1  day  in  each  of  the  first  two  instars  and 
about  2^  days  in  the  third  instar.  An  examination  of  the  number 
of  hours  for  each  instar  recorded  in  Table  VI  shows  that  variation 
may  occtir  at  times  when  no  apparent  cause  can  be  assigned  and  that 
a  larger  number  of  hours  passed  in  one  instar  may  be  follov\ed  by 
fewer  hours  than  usual  in  the  succeeding  instar.  As  shown  by  the 
data  in  Table  VI,  larval  development  may  be  completed  in  as  feir 
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as  4  days,  or  as  many  as  17  days,  even  during  the  hottest  Hawaiian 
summer  weather,  when  the  average  daily  mean  temperatures  for  the 
developmental  period  range  between  78.2°  and  79.3°  F. 

Both  temperature  and  the  nature  of  the  host  fruit  affect  larval 
development  Thus  while  1  larva  reached  maturity  and  pupated  in 
4  days  in  fresh  ripe  papaya  at  78.2°  F.,  2  larvae  required  10  and  13 
days,  respectively,  to  reach  maturity  in  a  ripe  Bartlett  pear  at  about 
79°  F.  The  larvae  developing  in  cantaloupes  Nos.  1  and  2,  recorded 
in  Table  VI,  hatched  from  eggs  deposited  during  a  period  of  1^  hours 
while  the  fruits  were  confined  in  a  jar  with  adult  melon  flies,  yet  the 
larval  period  in  one  fruit  ranged  from  7  to  17  days. 

Larval  life  may  be  extended  through  the  medium  of  natural 
barriers  to  the  exit  of  full-grown  larvse,  within  favored  host  fruits, 
which  prevent  ready  access  to  the  soil,  since  in  small  partially  dried 


Pio.    9. — The    melon    fly :    Posterior    spiracles    of    third-instar    larva. 

(Original.) 


Enlarged. 


pumpkins,  the  interior  of  which  is  honeycombed  by  larval  channels, 
the  epidermis  has  become  too  toughened  to  permit  free  larval  exit 
except  at  one  or  two  places,  and  larval  life  thus  may  be  appreciably 
prolonged.  In  very  moist  fruits,  such  as  the  ripe  tomato,  no  such 
barrier  to  emergence  is  offered.  .While  larvae  feed  best  in  partial 
decay  resulting  from  their  own  feeding,  decays  due  to  the  work  of 
bacteria  or  fungi,  especially  when  they  become  acid,  are  detrimental 
to  larval  growth.  These  varying  factors,  which  influence  either  the 
development  of  the  larva  or  the  time  when  it  succeeds  in  forming  its 
puparium,  make  data  unaccompanied  by  notes  on  temperature  and 
the  condition  of  the  host  fruit  of  less  value. 

Cantaloupes  Nos.  1  and  2,  the  Bartlett  pear,  and  the  cucumber,  re- 
corded as  hosts  in  Table  VI,  were  sufficiently  ripe  for  table  purposes 
when  exposed  for  oviposition.    Larvce  placed  in  sound  green  but  well- 
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grown  tomatoes  matured  in  from  4  to  7  days;  5, 14,  9,  and  2  develop- 
ing in  4,  5,  6,  and  7  days  respectively,  at  an  average  mean  tempera- 
ture of  78.5°  to  79.1°  F.  Under  the  same  temperature  conditions 
4  and  5  larvse  required  4  and  5  days,  respectively,  for  development 
in  a  ripe  tomato. 

Lower  temperatures  than  any  experienced  in  Hawaii  prolong 
larval  life,  although  to  what  extent  it  has  been  impossible  to  deter- 
mine under  out-of-door  conditions,  because  host  fruits  of  this  pest 
decay  too  rapidly.  Eleven  out  of  23  larvae  that  were  fully  grown 
when  gathered  in  the  field  in  pumpkins,  on  May  11, 1913,  and  placed 
In  a  refrigerator  kept  at  49°  to  52°  F.,  were  alive  when  examined  on 
June  3,  or  23  days  afterward,  thus  increasing  the  larval  stage  to  at 
least  28  to  30  days.  At  this  same  temperature,  which  is  suflSciently 
low  to  check  development,  20  out  of  62  first-instar  larvae  were  alive 
after  17  days  in  the  refrigerator.  These  20  larvae  whose  development 
had  been  prolonged  from  about  12  hours  to  17  days  by  the  lower  tem- 
perature to  which  they  had  been  subjected,  after  removal  to  normal 
temperature  of  the  laboratory  continued  their  development  at  the 
same  rate  and  emerged  as  adults  precisely  as  normal  individuals 
whose  development  had  not  been  artificially  arrested. 

Table  VI. — Duration  of  the  larval  stage  of  the  melon  fly  at  Honolulu. 


Number 
of  speci- 
mens un- 
der obser- 
vation. 

Approximate  period  of 
development. 

Host  fruit. 

Numb 

Instar 
1. 

erofhou 

Instar 
2. 

rsln— 

Instar 
8. 

Period  to 
larval  stage. 

tiempei*. 
tar«fcr 

Sept.  18  to  22 

Ripe  papaya 

do 

24 

24 

24 

25 

27 

26 

24 

23 

23.5 

23.5 

22.5 

25.1 

36 

24 

25 

26 

25 

40 

24 

23.5 

22 

23.5 

23 

36 

36 
50 
64 
51 
60 
52 
60 
60 
60 
60 
60 
60 

Daifi.    Hn. 

4          "2 
4            7 
4             5 

4           16 
4           2S 
4           13 

4           10 
4           10 
4            11 

4  U 

5  1 
10 

13 
6 
7 
8 
7 

7LJ 

Sept.  25  to  29 

79 

do '  --     do 

39 

do 

do 

79 

Sept.  25  to  30    

...    do 

79 

do 

do 

•39 

Sept.  27  to  Oct.  4 

....  do 

7S.1 

do :.. 

do 

TS^l 

do 

....  do 

7&1 

do 

do 

*S.f 

do 

....  do 

•M 

do 

,lo      

7^2 

Aug.  21  to  31 

Bartiettpear 

79 

Aug.  21toSej>t.  2 

do 

7SL2 

28 

Aug.  21  to  27 

Cucumber 

19 

38 

Aug.  21  to  28 

....  do ".. 

) 

l&S 

Aug.  21  to 29 

do 

1 

II^S 

61 

Aug.  21  to  28 

Ripe  cantaloupe 
do.. 

9ea 

98 

Aug.  21  to  29 

8        ..  1         a.1 

70 

Aug.  21  to 30 

....  do 

9                !           m« 

18 

Aug.  21  to 31 

do ! 

10 

11 

12 
13 

'I     ;: 

6 
7 

I      ■■ 

T^ 

8 

Aug.  21  to  Sept.  1 

do 1 

79 

2 

Aug.  31  to  Sept.  2 

do 1 

79 

3 

Aug.  21  to  Sept.  3 

do 1 

ms 

1 

Aug.  21  to  Sept.  7 

do -- 

^3 

12 

Aug.  21  to  26 

Ripe  cantaloupe 
do    

BLl 

55 

Aug.  21  to  27 

79 

42 

Aug.  21  to  28 

do 1 

*S.f 

5 

Aug.  21  to  29 

do 1 

1 

S&f 

1 

Aui?.  21  tone 

do ' 

I 

JSL9 
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HABrrs. 

The  larvfiB  immediately  upon  hatching  within  the  egg  cavity  or 
puncture  begin  to  feed  upon  the  surrounding  tissues  of  the  host. 
In  one  instance  only  were  they  observed  to  desert  the  host  through 
the  punctured  epidermis.  In  this  instance  the  eggs  from  which  they 
hatched  had  been  deposited  under  forced  laboratory  conditions  in 
a  firm-textured  apple,  which  is  not  ordinarily  a  host  fruit.  The  larvae 
on  hatching  deserted  this  fruit  only  to  die  on  the  exterior  a  short 
distance  from  the  point  of  emergence. 

Ordinarily  the  young  larvse  begin  immediately  to  burrow  into  the 
pulp  of  the  host,  and  in  the  case  of  many  fruits  they  burrow  at  once 
to  the  center,  where  they  feed  until  well  grown.  When  the  fruits 
are  of  a  watery  texture,  or  of  a  very  firm  texture,  the  larvae  prefer 
or  are  forced  to  feed  near  the  epidermis.  In  decayed  spots  in  toma- 
toes or  cucumbers  and  like  fruits,  which  have  become  filled  with  rain 
water,  the  larvae  come  to  the  surface  for  varying  intervals  and  re- 
main in  rather  dense  formation,  each  larva  perpendicular  to  the 
moisture  level,  with  its  posterior  spiracles  protruding.  In  this  po- 
sition the  mass  of  larvae  remains  very  quiet  unless  disturbed.  All 
larvae  are  forced  to  come  to  the  surface  for  air  unless  their  tunnels 
are  formed  within  a  host  sufficiently  free  from  excess  moisture  to 
permit  air  to  penetrate  freely  the  larval  channels.  When  hatching 
from  eggs  deposited  in  open  wounds  in  well-developed  pumpkins  or 
squashes,  the  larvae  find  it  impossible  to  penetrate  to  the  interior, 
but  are  able  to  make  full  development  in  the  outer  portion.  (PI, 
XX.) 

When  the  larvae  have  emerged  from  one  host  fruit  they  do  not  enter 
another  except  when  numerous  infested  fruits  are  present  in  a  single 
container,  and  when  all  are  more  or  less  decayed.  The  writers  have 
not  observed  larvae,  having  emerged  from  their  host,  burrow  into 
sound  fruits  close  by.  Larvae,  however,  have  been  observed  to  burrow 
into  the  decayed  areas  in  other  fruit  touching  the  original  host  fruit, 
and,  being  found  there,  have  been  recorded  as  attacking  that  fruit, 
whereas  their  presence  is  accidental. 

The  larva  of  the  melon  fly,  in  common  with  that  of  the  Mediterra- 
nean fruit  fly,  has  a  peculiar  habit  of  jumping  after  it  has  left  the 
host.  Larvae  in  the  first  two  instars  are  unable  to  spring  if  taken 
from  the  host.  The  mature  larva  arches  its  body  so  that  it  is  able 
with  its  mouth  hooks  to  obtain  a  leverage  on  the  posterior  end  of 
the  body.  This  done,  with  a  sudden  muscular  relaxation  it  is  able 
to  spring  from  a  few  to  as  many  as  8  or  9  inches  into  the  air  or  side- 
ways. The  larvae  continue  to  jump  after  leaving  the  host  until  they 
find  a  suitable  place  for  pupation.    They  are  not  able  to  jump  con- 
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second  larval  segments.  When  viewed  from  above  the  anterior  spiracles  are 
situated  upon  the  outer  anterior  angles,  and  the  posterior  spiracles  upon  the 
central  region  of  the  posterior  margin  (flg.  10,  a).  When  viewed  from  below 
(fig.  10,  b)  the  anal  opening  of  the  larva  appears  as  a  rounded  black  spot 
on  the  twelfth  segment,  and  the  mouth  opening  as  a  depression  in  the  central 
portion  of  the  first  segment.  The  broken  spinulose  bands  upon  the  ventral 
surface  of  the  larva  appear  upon  segments  6  to  11  of  the  venter  of  the  pupa- 
rlum  as  two  narrow  bands  not  encroaching  upon  the  lateral  sides.  Between 
the  posterior  spiracles  and  the  anal  opening  is  a  distinct  transverse  blackish 
line  (fig.  10,  c). 

DURATION    OF  PUPAL    STAGE. 

During  the   warmest   summer   weather  at  Honolulu,   when   the 
daily  mean  temperatures  average  between  78.7°  and  79.4°  F.  and 


Fio.  10. — ^The  melon  fly :  Puparimn.  a.  Dorsal  view ;  h,  ventral  view ;  c,  view  showing 
the  posterior  spiracles,  oval  depression,  and  dark  line  marking  on  posterior  portion. 
Enlarged.     (Original.) 

the  relative  mean  humidity  between  64  and  70.2  per  cent,  by  far 
the  largest  number  of  pupse  require  9  days  for  development.  Of 
896  pupse,  as  shown  by  the  data  in  Table  VII,  67,  743,  85,  and 
1  yielded  adults  8,  9,  10,  and  11  days,  respectively,  after  the  forma- 
tion of  the  puparium.  During  the  cooler  months  of  February, 
when  the  average  mean  temperature  was  71.6°  F.  and  the  average 
mean  relative  humidity  was  74.3  per  cent,  83  and  420  pupse  re- 
quired 12  and  13  days,  respectively,  to  produce  adults.  From  1,037 
pupee  not  recorded  in  Table  VII,  6,  125,  881,  and  25  adults  emerged 
within  7,  8,  9,  and  10  days,  respectively,  after  the  formation  of 
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the  puparia,  when  the  average  mean  temperature  ranged  from  78.7'^ 
to  79.4°  F. 

*  During  the  winter  months  in  the  Kona  district  of  Hawaii,  where 
the  lowest  mean  temperatures  at  Kealakekua  were  about  68°  F„ 
with  a  daily  temperature  ranging  between  58°  and  78°  F.,  the  duru- 
tion  of  the  pupal  stage  is  considerably  lengthened.  Thus  7,  6,  and 
1  pupae  yielded  adults  20,  21,  and  22  days,  respectively,  after  the 
formation  of  the  puparium.  From  175  puparia  formed  between  the 
1st  and  3d  of  February,  2,  7,  151,  12,  and  3  adults  emerged  on  FA- 
ruary  20,  21,  22,  23,  and  24,  respectively.  At  Kaawaloa,  a  hot 
sheltered  spot  at  sea  level,  but  within  2  miles  of  the  station  at  Keala- 
kekua, where  the  temperature  ranged  from  63°  to  89°  F.,  126  pupae 
formed  on  February  23  produced  5,  107,  and  2  adults  on  March  5. 
C,  and  7,  respectively,  or  in  from  10  to  12  days  after  the  formation 
of  the  puparium. 

It  was  found  by  carrying  pupa?  to  higher  altitudes  than  those  at 
which  the  host  fruits  of  the  melon  fly  occur  in  Hawaii  that  the  dura- 
tion of  the  pupal  stage  might  be  considerably  lengthened.  Thus  143 
puparia  just  formed  at  Kealakekua  on  January  26,  1915,  were  taken 
the  same  day  to  Puulehua  at  about  5,000  feet  elevation,  where  the 
average  mean  temperature  from  January  14  to  March  19  was  about 
51.6°  F.  and  where  the  daily  range  in  temperature  showed  a  varia- 
tion from  a  minimum  of  31°  F.  to  a  maximum  of  72°  F.  From 
these  pupae,  removed  to  Kealakekua  on  March  25,  3  adults  emerged 
on  March  26.  Therefore  at  this  temperature  the  duration  of  the 
pupal  stage  may  be  at  least  59  days. 

One  hundred  and  twenty-four  pupae  formed  between  February  19 
and  21,  1915,  and  76  pupae  formed  on  February  22  and  23  at 
Kealakekua  were  taken  on  February  24  to  the  sunmiit  of  HualalaU 
8,275  feet  elevation,  where  the  average  mean  temperature  during 
February  and  March  v^as  about  46.3°  F.  and  the  daily  range  from 
a  minimum  of  27°  F.  to  a  maximum  of  73°  F.  These  pup»  were 
removed  to  Kealakekua  on  March  26  and  on  March  31,  6  and  1  adult 
flies,  respectively,  emerged.  For  these  7  pupae  the  duration  of  the 
pupal  stage  extended  from  36  to  40  days. 

It  is  the  opinion  of  the  writers  that  had  it  been  possible  to  c<hi- 
tinue  experimental  work  at  Puulehua  and  on  Hualalai,  the  duration 
of  the  pupal  stage  might  have  been  still  further  extended,  but  not 
by  very  many  days. 
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Table  VIL — Duration  of  the  pupal  stage  of  the  melon  fly  at  Honolulu. 


Date  of  pupation. 


Namber 

Number 

Average 

of  adults 

of  days 

mean 

emerg- 
ing. 

in  pupal 
stage. 

tempera- 
ture. 

•F. 

5 

8 

78.7 

25 

9 

78.9 

1 

11 

78.9 

60 

8 

79.3 

1 

8.5 

79.3 

27 

9 

79.2 

1 

7 

79.3 

17 

8 

79.4 

25 

9 

79.4 

26 

9 

79.2 

37 

10 

79.2 

355 

9 

79.4 

33 

10 

79.3 

300 

9 

79.4 

15 

10 

79.3 

45 

12 

71.6 

192 

13 

71.6 

38 

12 

71.6 

228 

13 

71.6 

Average 

mean 

relative 

humidity 


Aof.  14,  a.  m. 

Do. 

Do. 
Aug.  17,  a.  m. 

Do 

Do 

Aug.  18»a.  m.. 

Do 

Do 

Sept.  17,  a.  m. 

Do 

Sept.  20,  a.  m. 

Do 

Sept.  19,  a.  m. 

Do 

Feb.  3,  a.  m... 

Do 

Feb.  4,  a.  m... 

Do 


Aug.  22, a.  m., 
Aug.  23,  a.  m.. 
Aug.  25,  a.  m. 

do 

Aug.  25,  p.m.. 
Aug.  26, a.  m... 
Aug.  25,  a.  m... 
Aug.  26, a.  m... 
Aug.  27,  a.  m... 
Sept.  26,  a.  m.. 
Sept.  27,  a.  m.. 
Sept.  29, a.  m.. 
Sept.  30,  a.  m.. 
Sept.  28,  a.  m.. 
Sept  29,  a.  m.. 
Feb.  15,  a.  m... 
Feb.  16, a.  m... 

....do.. 

Feb.  17, a.  m... 


Percent. 
72.5 
71.6 
70.8 
69.4 
68.7 
68.7 
67.8 
67.2 
66.6 
72.1 
70.8 
69.4 
69 
70.1 
69.5 
74 

74.2 
74 
74.2 


LENGTH  OP  LIFE  CYCLE. 

During  the  wannest  Hawaiian  weather,  when  the  mean  tempera- 
ture averages  about  79.5°  F.,  the  egg,  larval,  and  pupal  stages  may  be 
passed  in  as  few  as  12  or  as  many  as  28^  days,  according  to  the  indi- 
vidual and  its  host.  The  complete  life  cycle  is  subject  to  great 
variation,  according  to  the  longevity  of  the  adult.  As  one  adult  has 
been  kept  alive  for  431  days  it  is  evident  that  the  complete  life  cycle 
from  the  deposition  of  egg  to  the  death  of  the  adult  may  be  443  to 
459  days  when  the  immature  stages  are  passed  during  the  warmer 
portion  of  the  year.  At  an  average  mean  temperature  of  about  68° 
F.,  which  is  the  coolest  mean  temperature  found  by  the  writers  in 
Hawaii,  where  host  fruits  are  available  for  the  fly  and  for  observa- 
tion, the  egg,  larval,  and  pupal  stages  are  passed  in  from  40  to  45 
days.  It  is  difficult  to  state  just  what  variation  there  may  be  in  the 
length  of  the  life  cycle  in  still  cooler  climates,  but  it  is  capable  of 
being  rather  great  in  the  opinion  of  the  writers.  The  pupal  stage 
in  Hawaii  has  been  lengthened  from  6  days  at  a  mean  of  79°  F.  to 
59  days  at  a  mean  out-of-door  temperature  of  about  5.6°  F.  In 
like  manner  the  egg  stage  has  been  lengthened  from  26  hours  at  79° 
F.  to  11  days  at  49°  to  52°  F.  in  storage,  the  third  larval  stage  from 
two  days  at  79°  F.  to  at  least  23  days  at  56°  to  62°  F.,  and  the  first 
larval  stage  from  20  hours  at  79°  F.  to  27  days  at  56°  to  62°  F. 
The  writers  believe  that  with  certain  combinations  of  host  fruits 
and  temperatures  the  immature  stage  may  require  3^  to  4  months, 
or  a  sufficiently  long  time  to  carry  the  pest  over  any  cool  period 
likely  to  be  experienced  by  the  melon  fly  in  any  habitat  where  it 
can  establish  itself. 
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required  by  the  slower  vessels  to  cover  the  2,000  miles  between  the 
Hawaiian  Islands  and  California,  since  he  intercepted  it  at  least  once 
a  year  during  1912,  1913,  1914,  and  1915.  Data  regarding  the  dura- 
tion of  the  immature  stages  show  that  host  fruits  taken  on  board 
ships  as  ship's  stores  are  capable  of  carrying  the  melon  fly,  either  as 
larvae  or  later  as  pupae  in  the  fruit  containers,  for  voyages  much 
longer  than  that  required  to  cross  the  Pacific  Ocean;  or,  in  other 
words,  are  capable  of  being  the  means  of  spreading  the  pest  in  vessels 
plying  between  almost  all  countries  where  climatic  conditions  are 
favorable  for  the  establishment  of  the  fly.  There  is  no  doubt  that  the 
melon  fly  was  carried  to  the  Hawaiian  Islands  in  host  fruits  taken  on 
ships  at  Japan  or  China,  and  later  spread  from  Honolulu  to  all  the 
islands  of  the  Hawaiian  group  in  a  like  manner  through  the  medium 
of  inter-island  boats. 

While  the  spread,  from  one  country  to  another  at  a  considerable 
distance,  probably  starts  with  the  fly  in  the  larval  stage,  the  spread 
from  town  to  town,  or  over  short  distances,  as  between  islands  of  an 
archipelago,  may  occur  in  the  adult  or  pupal  stage.  The  writers  have 
seen  female  flies  alight  on  an  automobile  top  and  be  carried  16  miles, 
from  the  country  into  the  city  of  Honolulu.  On  another  occasion  an 
adult  was  seen  flying  about  an  inter-island  boat  en  route  from  Hono- 
lulu to  Hilo,  on  the  island  of  Hawaii.  This  fly  was  not  observed 
after  the  boat  weighed  anchor  at  the  port  of  Lahaina  on  the  island 
of  Maui,  or  72  miles  from  Honolulu.  These  two  instances  will  ex- 
plain the  spread  of  the  pest,  in  the  adult  stage,  about  the  islands  of 
Hawaii,  even  if  it  could  not  be  transported  in  the  larval  stage. 

When  larvae  form  their  puparia  on  bare  surfaces,  and  particularly 
on  a  cloth  surface,  the  puparia  adhere  sufficiently  well  to  make  it 
■possible  for  them  to  be  transported  considerable  distances  under 
favorable  circumstances.  While  the  writers  know  of  no  instance 
where  the  melon  fly  has  been  thus  spread,  distribution  in  this  fashion 
is  quite  feasible  and  to  be  expected. 

CONTROL  MEASURES. 

NATURAL  CONTROL. 

There  are  no  agencies  at  present  working  in  the  Hawaiian  Islands 
that  bring  about,  even  periodically,  a  very  large  natural  reduction 
in  the  abundance  of  melon  flies.  The  mortality  among  eggs  and 
larvaB  is  not  sufficient  to  attract  attention,  except  under  conditions 
considered  below,  and  then  is  not  effective  enough  to  be  of  practical 
value  as  a  control  measure.  Were  bacteria  and  fungous  diseases  at 
work,  the  results  of  such  activities  would  have  been  evident  to  the 
writers  during  the  past  several  years.  The  death  rate  among  adult 
melon  flies  must  be  high,  or  the  natural  increase  of  the  pest  would 
produce  far  greater  swarms  of  them  than  are  now  present  in  fields. 
While  Severin  (45)  has  recorded  rearing  3  specimens  of  the  hornfly 
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parasite  {Spalcmgia  hirta  Haliday)  from  500  puparia  of  the  mek 
fly,  both  he  and  the  writers  appreciate  that  this  parasite  is  of 
value  at  present  as  a  control  agent,  and,  for  all  practical  porpos 
can  not  be  considered  a  factor  in  represacHi.  Although  the  writd 
have  reared  adult  flies  from  many  thousands  of  larvae,  they  have  ner^ 
reared  a  parasite  during  a  period  of  3  years.  This  is  true,  notvith 
standing  the  fact  that  melon-fly  pupse  have  been  used  experimentiE] 
(39)  in  the  laboratory  for  rearing  the  Mediterranean  fruit-6j 
parasites,  Optus  hwmilis  Silv.  and  Didchasma  tryorU  Cam.  Fit^ 
thousand  pupse  of  the  melon  fly,  secured  from  Chinese  cucumbei 
{Momordica  sp.)  growing  wild  near  coffee  fields  in  the  Kona  distrk- 
Hawaii,  during  1914  and  1915,  produced  no  parasites,  although  ti 
pupae  of  the  Mediterranean  fruit  fly  secured  from  the  coffee  chcrrH 
showed  a  parasitism  ranging  from  85  to  98  per  cent. 

The  great  need  for  methods  of  natural  control  has  been  appref 
ciated,  and  the  Hawaiian  Board  of  Agriculture  and  Forestry 
ployed  Mr.  D.  T.  FuUaway  to  search  for  and  introduce  pMirasitt 
of  the  melon  fly  to  Hawaii  from  the  Indo-Malayan  regioi 
Mr.  FuUaway  has  returned  to  Honolulu  after  travel  in  India  an 
the  Philippines,  but  the  results,  of  his  investigation  have  not  yi 
been  made  ready  for  publication.  It  may  be  stated,  however,  tlu 
he  has  introduced  an  opiine  parasite,  which  gives  promise  at 
present  time  (June,  1916)  of  becoming  successfully  established  i 
the  Hawaiian  Islands. 

The  mortality  among  the  eggs  and  larvae  noted  occurs  chiefly 
rapidly-growing  cucurbits,  particularly  during  the  cooler  seasm 
when  climatic  conditions  arrest  fly  development,  but  not  to  the 
degree  as  that  of  the  host,  and  to  a  less  degree  in  much  older  fnri 
during  the  warmer  seasons.  Death  among  eggs  and  the  young  Ian 
follows  the  development  of  a  gall-like  hardening  about  the 
cavity,  and  on  occasion  about  the  newly  made  burrow  of  the  firs 
stage  larva.  This  gall-like  formation  develops  rapidly,  partimilari 
in  such  hosts  as  the  gourd  and  watermelon.  While  both  of  thc^ 
hosts  are  very  susceptible  to  repeated  attacks,  individual  fruits  ofte 
succeed  astonishingly  well  in  throwing  off  fatal  attack  by 
formations  as  that  illustrated  in  Plate  XXI,  figure  1.  The  writea 
have  seen  large  gourds  used  for  household  purposes  by  the  poon 
population  which  on  the  outer  side  of  the  rind  showed  the  open  breal 
made  by  many  colonies  of  eggs  and  young  larvae,  while  the  insk 
showed  all  ruptures  of  the  epidermis  to  be  sealed  by  a  hard  g»l 
variously  formed  by  the  proliferation  of  plant  tissue.  The  foil' 
ing  data  resulting  from  the  examination  of  a  young  watermelon 
inches  in  diameter  on  April  19,  2  days  after  it  was  gathered  ftt* 
the  field,  will  serve  as  a  fair  example  to  illustrate  this  mortAlit 
and  are  representative  of  other  data  on  file. 
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Puncture  1:  Twelve  unhatched  and  fresh-looking  eggs  in  a  newly  made 
•avity.    No  gall-lllce  formation  evident 

Puncture  2 :  Nine  dead  flrst-stage  larvse  and  7  dead  third-stage  larvse ;  all  in 
tough  hard  gall  about  one-half  inch  in  diameter. 

Punctures  3  and  4  (merged) :  Eighteen  living  and  one  dead  first-stage  larvae 
n  a  callous  dark-brown  spot  beneath  the  puncture.  Living  larvae  moderately 
ictive  but  apparently  dying  and  unable  to  get  out  of  gall-like  formation  sur- 
'ounding  them. 

Punctures  5  and  6  (merged) :  Eight  living  and  6  dead  first-stage  larvse  in 
onditions  similar  to  those  in  punctures  3  and  4. 

Puncture  7 :  Four  dead  flrst-stage  larvae  dark  brown  in  color. 

Puncture  8 :  Sixteen  dead  first-stage  larvae  dark  brown  in  color. 

Puncture  9:  Seventeen  dead  flrst-stage  larvae  dark  brown  in  color. 

The  data  just  given  would  indicate,  if  considered  alone,  that  the 
nortality  resulting  from  the  gall-like  formations  might  be  of  prac- 
ical  value;  however,  under  Hawaiian  conditions  they  are  of  neg- 
igible  value-  In  the  field  from  which  the  watermelon  examined  was 
.aken,  all  the  very  young  fruits  were  badly  stimg.  The  3-inch  speci- 
nen  examined  was  one  of  the  comparatively  few  which  had  resisted 
tttack,  and  it  would  have  been  rendered  worthless  by  the  deformities 
developing  about  the  punctures,  even  if  it  did  not  break  down  under 
'ontinued  attack  by  the  fly  or  through  decay. 

LarvcB  die  if  forced  to  feed  on  the  decay  resulting  from  bacterial 
>r  f  imgous  diseases  of  the  host.  While  on  occasion  90  per  cent  of  all 
arv8B  within  a  decaying  fruit  may  be  found  dead,  the  duration  of 
^gg  and  larval  life  is  so  short  that  mortality  resulting  from  decay  is 
•elatively  small  and  unimportant.  Mortality  among  larvse  within 
>ean  pods  is  occasionally  due,  apparently,  to  excessive  dryness  devel- 
iping  with  the  maturing  of  the  pod.  Excessive  sun  heat  kills  a  few 
arvae  in  fruits  well  exposed,  and  the  common  and  abundant  intro- 
luced  harvester  ant  Pheidole  megdcepTiala  Fab.  is  responsible  for 
he  destruction  of  some  larvsB  and  adults.  In  climates  colder  than 
he  Hawaiian  littoral  climate  mortality  due  to  coldness  will  be 
bund  to  play  a  particularly  active  part  in  reducing  the  abundance 
►f  the  melon  fly.    This,  however,  is  not  a  factor  in  Hawaii. 

ABTIFICIAL  CONTROL. 

No  satisfactory  artificial  control  measures  have  been  successfully 
pplied  in  controlling  the  melon  fly  under  Hawaiian  conditions.  The 
•nly  means  now  employed  in  Hawaii  to  safeguard  fruits  is  that  of 
protecting  the  young  fruits  with  some  type  of  covering  until  they 
re  large  enough  to  withstand  attack.  Trapping  the  adults  and  Idli- 
ng them  by  spraying  have  thus  far  given  poor  results,  while  killing 
he  immature  stages  by  submergence  in  water,  burial  in  soil,  or  by 
old-storage  temperatures  are  methods  to  be  applied  in  lessening  the 
bimdance  of  the  pest  only  after  infestation  has  taken  place  within 
he  host  fruit.    If  all  growers  of  host  plants  would  systematically 
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cooperate  (1)  in  the  destruction  of  the  eggs  and  larvae  by  submergHJce 
in  water  and  (2)  in  the  destruction  of  the  adults  by  spraying.  tV 
value  of  spraying  with  a  poisoned  bait,  and  of  covering  the  too: 
fruits,  would  be  enhanced  to  a  point  where  either  might  be  suflfcieDdj 
effective  to  be  recommended  as  satisfactory ;  but  so  long  as  the  culti- 
vation of  host  plants  is  largely  in  the  hands  of  uneducated  orieitit 
who  are  not  amenable  to  instruction,  no  relief  can  be  expected. 

Spraying. — Since  adult  melon  flies  do  not  begin  ovipositing  ont 
from  10  to  14  days  after  emergence,  depending  upon  the  tempen 
ture,  but  feed  continuously  throughout  this  period,  it  is  evident  tfjit 
any  spray  that  will  kill  them  before  they  begin  ovipoating  i? 
valuable.  Severin  (45)  and  Marsh  (27)  have  shown  that  poiswieii- 
bait  sprays  are  capable  of  killing  adult  flies  in  large  numkr^. 
as  has  already  been  demonstrated  by  Mally  and  Bezzi  in  the  «* 
of  the  Mediterranean  fruit  fly.  But  good  results  promised  ^ 
the  work  of  Mally  and  Bezzi  were  found  by  Severin,  Mardi,  a&i 
the  writers  in  Hawaii  to  be  offset  by  adverse  conditions,  sodi  a? 
frequent  showers  and  lack  of  concerted  action  by  those  growing  boS 
fruits.  Marsh,  who  sprayed  beds  of  cucumbers  with  a  solution  mis 
of  1  quart  of  molasses,  one- fourth  ounce  of  Paris  green,  and  ^  p^ 
Ions  of  water,  daily  from  September  9  to  October  14,  obtained  nep- 
tive  results.  This  was  true  also  when  arsenate  of  lead  was  used 
instead  of  Paris  green.  Severin  found  that  sprays  containing  a  »l^ 
ble  poison,  such  as  potassiimi  arsenate  or  sodium  arsenite,  killed  d 
enormous  numbers  of  adults  quickly  but  "  burned  the  foliage,  aal 
can  not  be  advocated."  He  was  imable  by  spraying  to  protect  votto? 
watermelon  plants,  because  he  could  not  control  the  outside  soutks 
for  adults  and  because  of  the  frequent  showers. 

The  writers  have  obtained  negative  results  in  their  work  with  tb< 

poisoned  spray : 

Lead   arsenate    (paste) 5    onncea. 

Brown    sugar 2i  pounds. 

Water 5  galloi]& 

About  2  acres  of  Chinese  melons  and  cucumbers  in  a  field  fafflj 

well  isolated,  w  hich  from  the  Hawaiian  standpoint  means  that  rw 

host  fruits  were  growing  within  500  yards,  were  sprayed  on  May  iL 

26,  and  28,  June  1,  4,  8,  14,  and  23,  1915,  during  t>T)ical  ma^ 

weather.      At  the  beginning  of  the  experiments  the  young  fr^i^ 

were  badly  stung.     Every  fruit  under  2  inches  long  was  iiife^^ 

unless  it  h^d  been  properly  covered,  and  adult  flies  were  very  num^* 

ous.     The  spray  was  applied  at  the  rate  of  about  30  gallons  to  6i^ 

acre  by  means  of  a  knapsack  sprayer.    The  abundance  of  living  adiite 

was  so  noticeably  lessened  after  the  third  application  that  eve©  ^ 

(^hinese  gardeners  noted  the  fact  and  for  the  first  time  during  tb 

experiment  showed  a  willingness  t<Pcooperate.      The  interval  ^ 
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t'ween  June  14  and  23  was  sufficient  to  permit  an  accumulation  of 
adults  equal  to  that  at  the  beginning  of  the  experiment.  Six  hours 
after  an  application  no  dead  flies  could  be  found,  though  many  were 
sluggish  and  flew  with  difficulty.  Twenty-four  hours  after  an  appli- 
cation many  flies  could  be  found  dead  among  the  vines.  While  the 
adults  were  lessened  numerically,  the  young  fruits  were  as  badly 
punctured  at  the  end  of  the  experiment  as  at  the  beginning.  Dr. 
Illingsworth,  of  the  College  of  Hawaii,  has  had  only  negative  results 
in  his  experiments  to  save  cucurbit  crops  by  spraying,  although  he 
has  been  able  to  kill  large  numbers  of  adults. 

While  the  writers  have  had  negative  results  with  poisoned-bait 
sprays,  they  feel  that  their  failure  has  been  due  to  peculiar  conditions 
surrounding  the  fields  sprayed.  Under  commercial  conditions,  where 
cantaloupes,  pumpkins,  and  watermelons  are  grown  in  large  quanti- 
ties in  fairly  dry  climates,  it  is  reasonable  to  believe  that  sufficiently 
good  results  will  follow  the  use  of  poisoned  sprays  to  make  their  ap- 
plication practicable  as  a  method  of  control.  In  Hawaii  the  grow- 
ing of  these  crops  is  in  the  hands  of  Orientals,  who  do  not  appreciate 
the  necessity  for  clean  cultural  methods  as  an  adjunct  to  spraying. 
Their  gardens,  scattered  here  and  there,  form  excellent  breeding 
places  and  centers  of  distribution.  These  conditions,  coupled  with 
the  very  long  life  of  the  adult  and  its  roving  disposition,  make  it  im- 
possible to  protect  small  fields  of  host  plants  in  Hawaii  at  the  present 
time  by  spraying,  particularly  during  the  warm  season  of  the  year. 

Cold  storage. — ^The  only  data  on  the  effect  of  cold-storage  tem- 
peratures upon  the  immature  stages  of  the  melon  fly  are  those  in- 
cluded in  Tables  VIII  and  IX.  Fewer  experiments  have  been  car- 
ried on  by  the  writers  to  determine  the  effect  of  cold-storage  tem- 
peratures upon  the  melon  fly  than  upon  the  Mediterranean  fruit 
fly,  since  it  has  been  found  that  the  stages  of  the  former  are  not  more 
resistant.  Consequently  host  fruits  refrigerated  for  periods  suffi- 
ciently long  to  kill  the  Mediterranean  fruit-fly  eggs,  larvae,  and 
pupae  are  free  from  danger  as  carriers  of  the  melon  fly ;  i.  e.,  if  re- 
frigerated at  from  40**  to  45°  F.  for  7  weeks;  from  33°  to  40°  F.  for  3 
weeks;  or  from  32°  to  33°  F.  for  2  weeks  when  the  humidity  ranges 
between  80  and  91.  A  comparison  of  the  data  in  Tables  Arill  and 
IX  with  those  already  published  on  cold-storage  effects  upon  the 
immature  stages  of  the  Mediterranean  fruit  fly  indicates  that  the 
eggs  and  larvae  of  the  melon  fly  and  Mediterranean  fruit  fly  are 
about  equally  resistant  to  cold-storage  temperature,  but  that  the 
pupie  of  the  melon  fly  are  much  more  susceptible.  While  no  pupae 
of  the  melon  fly  survived  refrigeration  at  from  32°  to  33°  F.  or  from 
*H°  to  36^  F.  for  5  days,  or  from  36°  to  45°  F.  (averaging  38°  F.)  for 
^  days,  pupae  of  the  Mediterranean  fruit  fly  were  not  foimd  to  be 
65732**— Bun.  491—17 4 
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entirely  killed  until  refrigerated  for  10  days  at  32°  F.,  18  days  it 
33°  to  36°  F.,  or  21  days  at  38°  to  40°  F.  No  larvae  of  the  mdm 
fly  survived  more  than  14  days  of  refrigeration  at  35°  to  36°  F.,  or 
36°  to  40°  F.;  no  larvae  of  the  Mediterranean  fruit  fly  survived  more 
than  12  days  at  34°  to  36°  F.,  11  days  at  36°  to  40°  F.,  or  20  dajs 
at  38°  to  40°  F.  No  eggs  of  the  melon  fly  survived  cold  storage  it 
35°  to  36°  F.  and  36°  to  40°  F.  for  more  than  10  days,  while  no 
eggs  of  the  Mediterranean  fruit  fly  were  found  alive  after  refrigera- 
tion at  36°  F.  and  36°  to  40°  F.  for  12  days. 

It  is  anticipated  that  these  data  will  be  of  special  value  from  a 
quarantine  standpoint.  The  favorable  host  fruits  of  the  melon  flr 
are  fruits  which  do  not  adapt  themselves  to  long  periods  of  refrig- 
eration and  are  subject  to  serious  attack  only  when  they  are  very 
young  and  succulent,  except  such  fruits  as  the  cantaloupe,  cucumber, 
and  tomato.  The  melon-fly  host  fruits  are  classed  among  the  quickly 
perishable  fruits,  unless  exception  be  made  of  certain  varieties  of 
well-matured  squashes  and  pumpkins.  In  experimental  work  the 
writers  have  had  difficulty  in  keeping  host  fruits  in  fit  condition  until 
the  larvae  infesting  them  had  been  killed  by  refrigeration.  This 
was  particularly  true  at  the  temperature  of  49°  F. 


Table  VI II. — Effect  of  cold-storage  temperatures  upon  eggs  and  larrw  of  the 

melon  fly. 


Number 
of  days 
in  cold 
storage. 

Temper- 
ature of 
storage, 
room. 

Eggs. 

Larvae. 

J 

Number 
under 
observa- 
tion. 

Number 

hatching 

after 

removal 

from 

store. 

First  instar. 

Second  instar. 

Third  instar. 

Number 
alive. 

Number 
dead. 

Number 
alive. 

Number 
deed. 

Number 
alive- 

Nomhcf 

dead. 

} 

7 

10 

12 

14 

16 

18 

20 

22 

6 

7 

9 

10 

11 

12 

13 

14 

15 

17 

18 

20 

22 

7 

8 

9 

10 

12 

17 

21 

23 

35  to  36 

3 
67 
172 
47 
62 
32 

0 
31 
75 
14 
78 

0 
147 

0 
78 

0 

72 

136 

0 

0 

0 
87 
83 
282 
107 
81 
72 

0 

1 
0 
0 
0 
0 
0 
0 
0 
15 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
34 
0 

0 
0 

0 

8 
1 
0 
0 
0 
0 
0 
0 
86 
19 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
51 
16 
0 
20 
0 
0 

64 

696 

260 

172 

85 

263 

243 

134 

124 

10 

65 

49 

124 

60 

107 

78 

96 

36 

48 

64 

21 

0 

0 

13 

63 

6 

44 

0 

g 

48 
2 
0 
0 
0 
0 
0 
0 

12 

43 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

66 

I 

0 

0 

77 
364 
215 
299 

288 

363 

379 

265 

49 

34 

114 

78 

105 

45 

104 

165 

82 

126 

130 

122 

126 

0 

0 

30 

16 

9 

4 

0 

0 

89 

440 

in  . 

336 

m 

6?6 
SIS 

36  to  40 

igi 

IS 

29 

im  1 

» 

330 
84 
•1 

m 
ass 
ue 

0 

0 

u 

12 
4f 

10 

49  to  62 

49  to  52 

S      51 

250 



1 

Digitized  by 


Google 


THE  MELON   FLY   IN  HA  WAIL  51 

IFabus  IX. — Effect  of  cold-storage  temperatures  upon  the  pupw  of  the  melon  fly} 


Temper- 
ature of 

Number 
pupae 
under 

observa- 
tion. 

Age  on 
entering 
storage. 

Number  of  pupae  yieldixig  adults  after  removal  to  normal  temperature 
after  refrigeration  for— 

storagfi 
room.« 

3 

4 

6 

7 

9 

11 

13 

15 

17 

19        24 

days. 

days. 

days. 

days. 

days. 

dajrs. 

days. 

days. 

days. 

days.  days. 

•F. 

Day*, 

32' to  33'.. 

425 

2 

7(100) 
5(125) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

785 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1,020 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1,945 

0 

1(245) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3,175 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2,165 

4(200 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

34*  to3«°.. 

505 

7(90) 
5(45) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

640 

0 

0 

0 

0 

0 

0 

0 

0 

0 

985 

6 (175) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2,390 

2(145) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2,104 

3(195) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.813 

9(195) 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

36*  to  45'.. 

1,975 

6 

21(170) 

12 

3 

0 

0 

0 

0 

0 

0 

0 

*  Numbers  in  parentheses  refer  to  total  numbers  of  pupae  removed  after  refrigeration 
^or  the  length  of  days  indicated. 
«  Average,  88  •  P. 

Submergence  in  water. — Submergence  of  host  fruits  containing  the 
immature  stages  of  fruit  flies  has  been  recommended  by  many  writers 
as  an  easily  available  method  of  controlling  these  pests.  Severin 
(45)  has  published  the  first  data  on  the  effects  of  submergence  upon 
the  melon  fly.  In  his  work  he  submerged  beneath  7  inches  of  dis- 
tilled water  three  lots  of  100  full-grown  larvae  which  had  emerged 
from  their  hosts  to  pupate.  One  lot  was  removed  after  having  been 
submerged  2,  3,  and  4  days.  After  being  allowed  to  dry  upon  filter 
paper,  75,  16,  and  0  larvae  pupated  and  later  yielded  47,  5,  and  0 
adults,  respectively.  From  these  data  Severin  concluded  that  sub- 
mergence of  infested  vegetables  in  a  barrel  or  tank  of  water  for  a 
period  of  4  days  would  be  sufficient  to  insure  the  death  of  larvse 
within  them. 

Instead  of  submerging  isolated  larvae,  the  writers  have  submerged 
infested  cucumbers  in  ordinary  tap  water  at  a  mean  temperature  of 
ygo  Y,  The  results  of  daily  examination  of  the  larvae  within  these 
fruits  on  submergence  from  1  to  6  days  are  given  in  Table  X.  It 
will  be  noted  that  many  larvae  survive  a  submergence  of  1  and  2 
days  successfully.  On  the  third  day  but  6  out  of  207  larvae  in  the 
second  and  third  instars  were  found  living.  But  1  out  of  .S74  larvae 
withstood  submergence  4  days.  All  of  514  and  773  larvae  found 
in  fruits  submerged  5  and  6  days  were  dead. 

Pupae  submerged  in  tap  water  survived  slightly  longer  than  larvae, 
as  indicated  by  the  data  in  Table  XI.  Fourteen  out  of  52  pupie 
that  were  from  2  to  4  days  old  when  immersed  yielded  adults  after 
removal  from  the  water.  Only  1  out  of  77  pupae  of  like  age  sub- 
merged 5  days  survived  and  yielded  an  adult,  while  all  of  01 
submerged  6  days  died.     The  young  pupae  apparently  die  more 
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unless  great  care  is  taken  thoroughly  to  tamp  soil  filled  in  over  such 
infested  material  adults  can  emerge  from  pupae  and  finally  burrow 
their  way  to  the  surface  from  a  depth  of  from  2  to  3  feet  of  dry  sand ; 
34,  8,  and  5  adults,  respectively,  from  lots  of  500  pupae  buried  2  feet 
deep  succeeded  in  reaching  the  surface  through  dry  sand,  wet  sand, 
and  soil.  Fifty-four  3-day-old  pupae  were  placed  in  the  center  of  10 
square  inches  of  heavy  black  soil,  such  as  is  found  in  the  market- 
garden  section  of  Waikiki.  On  drying  out  this  soil  hardened  so  that 
no  adults  were  able  to  emerge.  One  hundred  larvae  which  had 
emerged  ready  for  pupation  were  placed  on  the  surface  of  the  same 
heavy  black  soil  just  mentioned,  which  had  been  thoroughly  wet,  as 
though  well  irrigated.  All  the  larvae  pupated  on  or  close  to  the  sur- 
face and  70  yielded  adults.  The  soil  was  so  tenacious  on  drying  that 
the  remaining  30  per  cent  which  were  just  beneath  the  surface  were 
unable  to  emerge. 

Burial  of  the  host  for  the  destruction  of  the  immature  stages  of 
the  melon  fly  is  not  a  method  of  control  to  be  recommended.  The 
labor  necessary  properly  to  bury  infested  material  is  so  great  that 
few  lots  will  be  buried  to  a  sufficient  depth,  and  cracks  formed  in 
the  soil  by  rapid  decay  and  settling  furnish  avenues  for  the  escape 
of  adults  from  fully  95  per  cent  of  all  material,  even  when  buried  in 
the  most  tenacious  soils. 

Traps, — Howlett  states^  that  he  was  able  in  India  to  attract  the 
males  of  the  two  closely  related  fruit  flies,  Dacus  zonatus  Saund.  and 
Z>.  diversus  Coq.,  by  exposing  citronella  oil.  He  was  not  able  to  attract 
specimens  of  either  sex  of  the  melon  fly.  Although  he  was  success- 
ful in  attracting  these  two  species  with  citronella  oil,  he  failed  to 
get  any  reaction  with  such  individual  derivatives  of  this  oil  as 
were  obtainable  (citrol,  citronella,  geraniol,  citronellaldehyde,  cit- 
ronellol).  Later  he  believed  that  he  had  found  the  actual  substances 
which  are  responsible  for  attracting  these  two  fruit  flies  in  iso-eugenol 
and  methyl-eugenol.  By  exposing  the  closely  related  eugenol  he 
succeeded  in  attracting  the  male  of  an  apparently  new  species. 
Samples  of  eugenol  sent  by  Howlett  to  Severin  and  given  the  writers 
by  the  latter  gentleman  failed  to  attract  melon  flies  when  exposed  in 
infested  districts. 

The  mango  fruit  fly  {Daeus  ferrugineua  Coq.)  was  found  by  Frog- 
gatt  (26)  to  be  attracted  by  citronella  oil,  but  lUingworth  states^ 
that  the  railroad  worm  {Rhagoletis  poTruynella  Walsh)  avoids  cit- 
ronella oil.  It  is  now  well  known  that  the  males  only  of  the  Medi- 
terranean fruit  fly  are  attracted  in  any  numbers  to  ordinary  kero- 
sene.    In  Honolulu  the  writers  have  seldom  caught  adults  of  the 

*  Hewlett,  F.  M.  The  effect  of  oil  of  citronella  on  two  spfK^ies  of  Dacus.  Trans.  Ent. 
Soc.  Loud.,  1912,  Pt.  II,  p.  412-418,  pi.  89,  40.     1912. 

'lUinffworth,  James  F.  A  study  of  the  biology  of  the  apple  maggot,  etc.  Cornell 
Univ.  Agr.  Exp.  Sta.  BoL  824,  p.  160.    1912. 
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melon  fly  in  this  oil,  although  they  have  had  traps  hung  throughoot 
the  infested  district  for  many  months.  Severin  was  not  able  to 
catch  a  sufficient  number  of  melon  flies  in  various  oils  to  feel  tbst 
they  were  in  any  way  actually  attracted.  He  used  the  following 
oils:  Citronella,  turpentine,  coconut,  whale,  fish,  kerosene  aboot 
120''  Baume,  gjisoline  about  86*^  Baume,  and  benzine  about  63' 
Baum^.  Turpentine,  gasoline,  and  benzine  caught  no  flies.  Tbt- 
other  oils,  exposed  over  a  5-day  period,  caught  from  2  to  5  indirid- 
uals,  representing  both  sexes. 

Ordinary  flytraps  baited  with  diluted  molasses  and  hung  aboot 
infested  fields  were  found  by  Severin  to  be  worthless. 

Protection  of  fruit  by  covering. — ^The  attack  upon  cucurbits  of 
all  varieties  is  so  universal  in  Hawaii  that  the  female  bloom  in  «11 
species  except  the  cucumbers  should  be  covered  before  the  coroDi 
unfolds  or  immediately  after.  During  the  warmer  portion  of  the 
year  the  bloom  of  cucurbits  should  be  protected  at  least  3  or  4  diys 
before  the  flower  unfolds  in  order  to  insure  protection.  At  present 
many  fruits  are  so  covered,  but  rather  indifferently  and  ineffectuaDr, 
as  proved  by  an  examination  of  fruits  beneath  the  coverings.  TTius 
during  April  only  9  out  of  43  fruits  of  the  Chinese  melon  (Momor- 
dica  sp.)  that  had  been  covered  were  sound,  while  at  Waipahu  on 
the  same  date  119  out  of  692  young  protected  watermelons  wot 
actually  free  from  infestation.  Certain  Japanese  growers  ward  of 
attack  by  burying  the  young  fruit  in  the  soil  or  surrounding  it  by 
straw  and  trash  until  it  is  sufficiently  old  to  need  no  further  proto- 
tion.  However,  the  usual  practice  among  both  Japanese  and  Chine* 
growers  is  to  place  over  the  developing  bud  or  the  recently  opened 
flower  a  piece  of  cheesecloth  or  other  fabric.  This  averages  in  sue 
about  6  to  7  inches  square  and  is  placed  lightly  over  the  fruit  without 
any  attempt  to  attach  it  to  the  plant,  although  in  certain  cases  it 
may  be  weighted  on  the  edge  with  earth.  The  most  successful  of 
the  protective  coverings  are  those  shown  in  Plate  XXIV.  In  tbis 
case  the  Momordica  vines  are  grown  in  bushes  where  the  young  fruits 
can  be  easily  found  and  inclosed  in  the  long  case  made  frcwn  news* 
papers.  These  cases  are  left  open  at  the  lower  end,  but  are  never 
entered  by  the  adult  flies. 

The  protection  of  fruits  by  covering  with  soil,  paper,  or  doth  b 
a  great  labor-consuming  operation  that  at  present  actually  protects 
less  than  25  per  cent  of  all  fruits  covered,  except  certain  Chiwae 
marrows.  This  method  is,  however,  at  present  the  only  one  whidi 
can  be  applied  with  any  degree  of  success,  and  could  be  made  fcr 
more  successful  were  it  applied  more  intelligently.  In  a  sli^itly  I 
cooler  climate  a  very  much  higher  percentage  of  fruits  could  bt  s 
saved. 
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SUMMARY. 

The  melon  fly  {Bactrocera  cucurbit ae  Coq.)  is  found  well  dis- 
tributed over  India,  which  is  considered  its  native  home.  It  is  at 
present  found  in  India,  Ceylon,  Java,  Timor,  Northern  Australia, 
Singapore,  the  Philippine  Islands,  southern  China,  Japan,  and  the 
Hawaiian  Islands.  It  was  introduced  into  the  Hawaiian  Islands 
from  Japan  about  1895,  and  by  1897,  when  it  was  first  observed,  it 
was  already  a  serious  pest.  Up  to  the  present  time  it  has  been 
allowed  to  increase  unrestricted,  and  because  of  the  equable  climate 
and  abundant  food  supply  has  become  a  serious  pest  of  cucurbitaceous 
crops,  cowpeas,  string  beans,  and  tomatoes.  It  is  impossible  to  over- 
state the  destructiveness  of  the  melon  fly  to  cucurbitaceous  fruits 
under  Hawaiian  littoral  conditions,  where  these  can  be  brought  to 
maturity  only  with  the  exercise  of  the  greatest  care  on  the  part  of 
market  gardeners. 

It  has  been  estimated  that  the  melon  fly  causes  a  loss  of  about  three- 
quarters  of  a  million  dollars  in  a  territory  smaller  than  the  State  of 
Bhode  Island.  It  is  a  pest  of  prime  importance  that  is  being  inter- 
cepted each  year  by  officers  of  the  Federal  Horticultural  Board  in 
ships  arriving  at  the  California  coast  from  Honolulu  and  Hilo,  and 
there  is,  therefore,  great  danger  of  the  melon  fly  being  introduced  to 
the  continental  United  States. 

During  the  warmest  seasons  in  Hawaii,  when  the  mean  tempera- 
tures average  about  79.5°  F.,  the  egg,  larval,  and  pupal  stages  may 
be  passed  in  as  few  as  12  or  as  many  as  28^  days,  according  to  the 
individual  and  host  conditions.  At  mean  temperatures  lower  than 
79.5°  F.  the  duration  of  the  immature  stages  may  be  greatly  in- 
creased. Thus  at  51.6°  F.  the  pupal  stage  alone  may  require  59  days 
and  the  egg  11  days,  while  at  56°  to  62°  F.  the  first  and  third  larval 
stages  may  require  27  and  23  days,  respectively.  Under  varying 
conditions  of  host,  temperature,  and  humidity  the  immature  stages 
may  be  lengthened  from  a  minimmn  of  12  days  to  3^  to  4  months. 
Adults  may  live  as  many  as  431  days,  although  the  duration  of  adult 
life  is  variable  and  may  be  but  a  few  days.  Adults  deprived  of  food 
and  water  never  live  more  than  102  hours  or  more  than  120  hours 
without  food  but  with  water.  This  is  also  true  of  adults  which  have 
been  feeding  for  some  time  when  placed  under  starvation  conditions. 
The  complete  life  cycle  may,  therefore,  occupy  from  443  to  459  days 
in  the  case  of  most  hardy  individuals  passing  the  egg,  larval,  and 
pupal  stages  during  the  warmest  seasons,  but  longer  when  these  stages 
are  passed  during  colder  seasons. 

Adults  feed  principally  upon  the  juices  of  host  plants,  nectar  of 
flowers,  and  honeydew  secreted  by  a  large  number  of  insects.  While 
the  melon  flies  are  rapid  fliers  and  are  found  often  far  from  their 
host  plants,  they  appear  to  arrive  at  these  points  as  the  result  of 
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Since  there  are  as  many  as  8  to  10  generations  of  the  melon  fly  a 
year,  it  is  evident  that  it  can  multiply  very  rapidly.  No  agencies 
have  been  found  to  be  working  at  the  present  time  in  Hawaii  that 
bring  about,  even  periodically,  a  great  natural  reduction  in  the 
abundance  of  melon  flies.  In  colder  climates  cold  weather  will 
prove  a  marked  and  valuable  control  factor.  No  parasites  are 
known  in  Hawaii.  Predacious  enemies  and  several  forms  of  mor- 
tality recorded  are  of  no  practical  value  under  Hawaiian  conditions. 
Search  for  parasites  is  now  in  progress  and  it  is  hoped  that  future 
introductions  of  melon-fly  parasites  may  prove  beneficial. 

No  satisfactory  artificial  measures  have  been  successfully  applied 
in  combating  the  melon  fly  under  Hawaiian  conditions.  Poisoned- 
bait  sprays  promise  to  yield  effective  results  under  other  cultural 
conditions.  At  present  cucurbits  can  only  be  grown  by  the  use  of 
coverings  of  various  sorts  for  the  protection  of  the  very  young  fruit. 
Trapping  of  adults  and  killing  adults  by  sprays  have  yielded  nega- 
tive results,  while  killing  the  immature  stages  by  submergence  in 
water,  by  burial  in  soil,  or  by  cold-storage  temperature  are  methods 
to  be  applied  in  lessening  the  abundance  of  the  pest  after  infestation 
has  occurred.  Artificial  methods  of  control  are  not  likely  to  prove 
satisfactory  in  Hawaii  so  long  as  the  growing  of  the  chief  host 
plants  remains  in  the  hands  of  uneducated  oriental  laborers  who 
do  not  practice  clean  cultural  methods  or  cooperate  in  applying 
remedial  measures. 

BIBUOGRAPHY. 

( 1 )  Clark.  B.  O. 

1898.    In  The  Hawaiian,  vol.  1,  No.  27,  p.  G. 

The  Hawaiian  was  a  newspaper  published  only  during  1898.  Mr.  L.  II.  Meslck. 
Hawaiian  Gazette  Co.,  Honolulu,  its  editor,  possesses  the  single  known  complete 
file.  One  section  of  the  paper  was  known  as  the  official  bulletin  of  the  Bureau  of 
Agriculture  (now  the  Board  of  Agriculture  and  Forestry).  The  reference  consists 
of  correspondence  containing  the  first  information  published  regarding  the  presence 
of  the  melon  fly  in  the  Hawaiian  Islands,  or  elsewhere,  and  is  as  follows : 

Laupahobhob,  Augu8t  8,  1898. 
Prof.  KOBBBLB,  Honolulu. 

Dear  Sir:  We  have  a  new  pest  that  has  lately  come  here  In  the  shape  of  a  fly  like 
a  yeUow  Jacket,  only  not  so  large.  It  punctures  pumpkins,  squashes,  bean,  tomatoes, 
watermelons,  and  all  other  plants  of  this  nature.  It  lays  eggs  inside,  which  form 
maggots  like  the  samples  I  send  you.  Ton  can  judge  of  their  work  where  the  things 
are  _growing.  Can  you  suggest  any  remedy?  I  send  you  some  samples  of  their  work 
by  the  8.  8.  Kinau. 
Yours,  truly, 

L.  C.   Swain. 

Honolulu,  August  lU  1898. 
L.  C.  Swain,  Esq.,  Laupahoehoe,  HawaH. 

Dbab  Sir:  Yours  of  the  8th  instant  at  hand  and  contents  noted.  Prof.  Koebelo  Is 
now  in  the  States,  but  as  I  have  personal  experience  with  the  fly  you  mention  and  con- 
sulted with  Prof.  Koebele  in  regard  to  it,  I  can  state  he  told  me  of  no  remedy  except 
covering  the  vines,  and  of  course  this  Is  not  at  all  practicable  except  for  a  few  vines 
In  a  garden.  I  tried  a  spray  of  whale-oil  soap,  thinking  the  odor  might  keep  the  fly 
away,  but  It  did  not.  I  shall  try  a  Paris-green  solution,  1  pound  to  200  gallons  of 
water,  keeping  it  stirred  frequently,  and  apply  with  a  spray  pump.  This  will  kill  the 
egga  and  young  larve  of  the  codling  moth  on  apple  and  other  fruits,  and  possibly 
may  do  so  in  this  case.  The  great  difficulty  in  this  climate  is  that  frequent  showers 
waab  off  the  poison,  and  it  has  to  be  repeated  frequently.  The  Paris  green  can  also 
be  applied  as  a  powder,  mixed  with  flour  or  air-slaked  lime.  In  the  pro];>ortion  of  1 
part  of  Paris  green  to  100  of  flour  or  lime.  I  would  advise  collecting  all  infested 
aqaasbes  and  feeding  to  pies  or  other  animals  or  btirv  them  so  d<'ep  the  fly  can  not 
get  out  wben  it  hatches.  If  all  who  grow  the  crops  which  it  breeds  In  would  do  ao,  I 
tblBk  tt  could  be  at  least  checked ;  the  great  difficulty  would  be  to  know  If  thera  la  any 
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wild  frult«  etc.,  upon  which  it  deposits  its  eggs  for  deyelopmcnt.     I  have  not 
it  attacking  anything  but  the  cucamber,  melon,  and  squash  family. 

The  following  life  history,  which  I  have  learned  hj  experimenting  in  a  "  In . 

may  interest  you  If  you  have  not  already  determined  the  same  for  yoarself.  Tht 
which  you  describe  is  more  like  a  small-sized  botfly  than  a  wasp,  and  will  be  sees 
hovering  about  the  vines  of  muskmelons,  squashes,  etc.,  and  when  ai8turt>ed  darts  a«&5 
very  quickly,  so  rapid,  in  fact,  one  can  scarcely  follow  it  with  the  eye.  It  stings  »or 
only  tne  fruit  with  its  ovipositor,  but  also  the  young  and  tender  growth  of  the  vines, 
depositing  a  number  of  eggs,  which  soon  hatch  into  small  white  maggots  that  feed  cc 
the  tissues  of  the  plant  or  fruit,  causing  it  to  decay.  After  the  maggot  has  attaint 
its  growth,  it  descends  into  the  soil,  where  it  develops  into  a  small  chrysalis  of  a  li^ 
yellowish-brown  color,  and  in  about  10  or  12  days  comes  out  a  perfect  Insect,  kac) 
to  repeat  its  mission  of  destruction.  I  do  not  know  how  many  generations  it  sil 
produce  In  a  year,  but  in  the  warmer  and  drier  districts  I  believe  it  will  breed  x^ 
year  through,  except  possibly  a  while  during  the  winter  months,  and  then  its  deveM^ 
ment  Is  only  retarded  by  the  cooler  weather,  which  prevents  the  chrysalis  matorinc  »u 
rapidly. 

If  you  will  take  a  squash  or  other  specimen  with  the  eggs  or  young  maggots  tn  t^ 
same,  placing  it  in  a  box  containing  2  or  8  Inches  of  loose,  dry  soil,  keeping  it  covend 
with  a  piece  of  glass,   you   can   soon   learn   for  yourself  its  life  history,   and  perha^ 
make  observations  that  may  lead  to  means  of  successfully  combating  the  pest. 
Yours,  respectfully, 

Btbox  O.  Clakk. 
Secretary  and  Commissioner  of  Affrtemlt»€. 

(2)  CkMJUILBTT,   D.  W. 

1899.  A  new  trypetid  from  Hawaii.     In  EnL  News,  v.  10,  No.  5,  ji 

12^130. 

This  article,  which  is  technical  and  contains  the  original  descriptiosi  of  Docm* 
ouourbita,  is  as  follows : 
Dacus  cucurhitw  n.  sp.  Head  light  yellow,  the  occiput,  except  the  sides  and  npper 
margin,  reddish  yellow,  an  ocellar  black  dot,  front  marked  with  a  brown  spot  in  frost  st 
its  center  and  with  three  pairs  of  orbital  brown  dots,  a  black  spot  on  each  side  of  x^ 
face  near  the  middle,  and  a  brown  spot  on  the  middle  of  each  cheek :  antenni^  palfl 
ond  proboscis  yellow,  the  latter  mottled  with  brown.  Thorax  reddish  yellow,  the  hamal 
a  median  vitta  on  the  posterior  half  of  the  mesonotum,  another  on  each  side  above  tke 
Insertion  of  the  wings,  uniting  with  an  irregular  band  which  extends  upon  the  pleva 
to  the  upper  part  of  the  sternapleura,  also  a  large  spot  on  each  side  of  the  metas^asL 
encroaching  upon  the  hypopleura,  light  yellow;  scuteilom,  except  its  extreme  base,  ttck: 
yellow,  bearing  two  bristles.  Abdomen  light  yellow  on  first  two  segments,  red&i 
yellow  on  the  others,  the  extreme  base,  a  fascia  at  the  bases  of  the  second  and  tkird 
segments,  usually  a  lateral  spot  on  the  fourth  and  fifth,  also  a  dorsal  vitta  on  the  ia^t 
three  segments,  blackish  or  brownish ;  first  segment  of  the  ovipositor  of  the  fem^ 
slightly  longer  than  the  fifth  segment  of  the  abdomen.  Wings  hyaline,  the  apex  <d  t^ 
subcostal  cell  from  a  short  distance  in  front  of  the  apex  of  tne  auxiliary  vein,  the 
marginal  and  submarginal  cells,  the  median  third  of  the  first  basal  cell,  and  a  larcv 
spot  in  upper  outer  corner  of  the  first  posterior  cell,  brown ;  anal  cell  brown,  this  cofc:' 
encroaching  on  the  third  posterior  cell  and  bordering  the  sixth  vein  almost  to  its  apes; 
posterior  cross  vein  bordered  with  brown,  this  color  extending  to  the  hind  margin  ot  ^ 
wing;  upper  end  of  the  small  cross  vein  also  bordered  with  brown,  Halteres  ligiit 
yellow.  Legs  light  yellow,  the  broad  apices  of  the  femora  and  the  last  four  joint*  ctf 
the  tarsi  reddish  yellow,  hind  tibia?  reddish  yellow  or  dark  brown.     Length  6  to  8  msL 

Honolulu,  Ilawall.     Two  males  and  two  females  bred  by  Mr.  George  Compere  tnm 
larva  living  in  green  cucumbers.     Type  No.  4207,  IT.  S.  Nat.  Museum 

(3)  HOWAKD,  L.  O. 

1900.  A  dipterous  enemy  of  cucurbits  in  the  Hawaiian  Islands,  In  V,  S. 

Dept.  Agr.  Div.  Ent  Bui.  22,  n.  s.,  p.  93-94. 
In  this  short  account  Dr.  Howard  gives  data  on  the  prevalence  of  the  mekm  ir 
about  Honolulu,  secured  by  George  Compere,  at  the  time  of  his  visit  to  the  Hawaiian 
Islands  in  November,  1898.     Reference  as  foll(»ws: 

March  13,  1809.  we  received  from  Mr.  George  Compere.  Honolulu,  Hawaiian  Island^ 
specimens  of  what  is  locally  known  as  the  melon  or  cucumber  fly.  Our  corresp<HMlebt 
writing  under  date  of  Februory  14.  1899,  states  that  this  is  a  very  serious  pest  wttb 
vegetable  growers,  as  it  destroys  more  than  75  per  cent  of  the  watermelons.  cantaknipN. 
and  cucumbers  grown  in  those  islands.  He  writes,  in  substance,  that  the  parent  fif^ 
are  to  be  found  at  all  seasons  of  the  year,  and  that  they  puncture  the  cucumber,  wfckt 
is  the  only  plant  on  which  our  correspondent  has  observed  the  species,  on  the  spMr 
side,  and  generally  near  the  stem  end,  this  operation  taking  place  when  the  mcoawf 
is  about  half  or  two-thirds  grown.  In  the  punctures  thus  made  they  deposit  their  cgys. 
which  soon  hatch  into  minute  footless  white  maggots.  Their  presence  in  the  cncuMhfr 
is  manifested  by  a  small  yellow  spot  where  the  puncture  was  made.  Twenty-sen* 
minute  maggots  were  counted  in  one  of  these;  punctures.  In  one  cucumber  that  had  hetm 
punctured  three  times  In  different  places,  116  of  these  maggots  were  counted.  Tke*^ 
maggots  eat  out  the  entire  Inner  substance  of  the  fruit  with  the  exception  of  the  see*, 
leaving  only  the  outer  skin,  which  turns  yellow  and  decays,  when  a  slight  toudi  or  • 
few  drops  of  rain  will  cause  It  to  collapse.  By  that  time  the  maggots  have  all  attslsfri 
their  growth,  and  If  any.  of  them  become  exposed  to  the  sunlight  they  immediately  di»* 
themselves  together  and,  after  the  manner  of  the  cheese  maggot  and  other  species  tkit 
might  be  mentioned,  spring  in  all  directions.  Jumping  as  high  as  3  feet.  If  the  skts  «^ 
the  cucumber  be  left  intact  they  will  emerge  from  the  decayed  pulp  on  the  unda^Hf 
and  burrow  at  once  into  the  earth  for  pupation.     Fourteen  days  after  placing  ^ 

in  a  breeding  jar,  with  soil  kept  constantly  moist,  Mr.  Compere  succeeded  ha 
the  adult  files. 

In  the  conclusion  of  this  letter  our  correspondent  adds,  as  a  warning,  that 
melons,  cantaloupes,  and  cucumbers  should  never  be  allowed  to  be  ihlpptfl   ' 
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Hawaiian  Islands  Into  the  United  States.  It  Is  quite  probable  that  this  insect  could 
be  introduced  into  several  of  our  Southern  States  or  recently  acquired  insular  possessions, 
and  it  is  one  of  those  species  for  which  quarantine  inspectors  should  be  on  the  lookout. 
No  class  of  vegetables.  If  we  except  cabbages  and  botanically  related  plants,  are  so  badly 
Infested  with  Insects  as  are  the  cucurbits,  and  the  introduction  of  another  new  pest  is 
most  undesirable. 

The  insects  were  referred  to  Mr.  Coqnillett,  of  this  office,  who  after  careful  examina- 
tion pronounced  the  species  an  undescribed  Trypetid.  He  has  accordingly  given  it  the 
name  of  Diums  oucuroitw,  and  has  published  a  description  of  it  In  the  Entomological 
News  for  May,  1899,  under  the  title  "  A  New  Trypetid  from  Hawaii." 

(4)  KOEBELE,   ALBEBT. 

1900.  Report  of  Prof.  A.  Koebele,  entomologist    In  Tlpt.  Comr.  Agr.  and 

Forestry,  Hawaii,  p.  36-49. 
Among  injurious  pests  treated  be  calls  attention  to  the  fact  that  Daous  ouour- 
bitw  is  the  only  species  of  fruit  fly  so  far  known  In  Hawaii,  that  it  is  almost  im- 
possible to  raise  cucurbitaceous  fruits  without  proper  protection  to  the  plants,  and 
suggests  cooperation  in  clean  cultural  methods  as  the  only  feasible  manner  of 
combating  the  pest. 

(5)  HOWABD,  L.  O. 

1901.  Diptera  collected  in  Hawaii  by  H.  W.  Henshaw.    In  Proc.  Ent.  Soc. 

Washington,  v.  4,  no.  4.  p.  490. 
Among  the  Diptera  Dacus  cucurhitw  Coq.  is  listed  with  the  statement :  **  Five 
specimens.      Described  from  Hawaii."  ' 

(6)  Grimshaw,  p.  H. 

1901.  Fauna  Hawailensls.  (v.  3,  pt  1,  77  p.,  3  pi.  Cambridge.) 
Reference  consists  merely  of  copy  of  (2)  and  statement  of  Howard  (6). 

(7)  Ckaw,  Alexander. 

1902.  Horticultural  quarantine  reports.    In  Blen.  Rept.  Bd.  Hort.  Cal., 

V.  8,  1901-2.  p.  187-204. 

Reference  consists  of  a  paragraph  of  seven  lines,  giving  the  first  official  record 
of  the  interception  by  quarantine  officers  of  melon-fly  infested  material  from  Hono- 
lulu at  San  Francisco.    Reference  as  follows  (p.  198)  : 

We  occasionally  find  a  melon  in  the  possession  of  passengers  or  crews  from  Hono- 
lulu, which  we  destroy.  No  melons,  cucumbers,  or  summer  squashes  have  l>een 
received  as  freight  from  Honolulu  since  we  destroyed  the  shipment  that  arrived 
on  February  28,  1899.  on  the  8.  S.  Australia,  infested  with  melon  maggots  (Dacus 
eucurhitiB).  In  Honolulu  this  pest  destroys  76  per  cent  of  their  crop.  It  is  not 
found  in  North  America. 

(8)  Perkins,  R.  C.  L. 

1902.  Insects.  In  Rept.  Governor  of  Territory  of  Hawaii  for  1902. 
Ann.  Rpts.  U.  S.  Dept.  Int.,  pt.  2,  p.  360. 

Alt  8-Iine  reference,  recounting  difficulty  of  growing  cucumbers,  except  under  cover, 
as  a  result  of  melon-fly  attack.  *'  Its  true  home  is  no  doubt  either  Japan  or  China. 
At  Hongkong  a  species  Is  found  almost  identical  in  size,  color,  and  form,  and  which 
only  differs  In  having  an  additional  pair  of  bristles  on  the  scutellum.  Parasites  of 
the  melon  fly  could  no  doubt  be  procured  from  that  country." 

(9)  Smith,  J.  G. 

1902.  In  Ann.  Rpt.  Hawaii.  Agr.  Exp.  Sta.,  U.  S.  Dept.  Agr.  Off.  Exp. 

Stas.  Rpt,  1902,  p.  324. 
Four-line  reference  as  follows :     "  A  fly  is  doing  great  damage  to  the  cucurbits 
by  stinging  and  depositing  Its  eggs  in  the  young  fruit.      The  larvse,  on  hatching, 
burrow  into  the  tissue,  causing  decay.    As  a  result  a  good  watermelon  brings  from 
50  cents  to  $1  on  the  fruit  stands  of  Honolulu. 

(10)  Smfth,  J.  G. 

1903.  In  Ann.  Rpt.  Hawaii.  Agr.  Exp.  Sta.,  1903,  U.  S.  Dept.  Agr.  Off. 

Exp.  Stas.  Rpt,  1903,  p,  417. 
A  2-line  reference  to  an  investigation  of  melon-fly  ravages  at  Wahlawa,  Oahu. 

(11)  Van  Dine,  D.  L. 

1904.  Insecticides  for  use  in  Hawaii.    In  Hawaii.  Agr.  Expt.  Sta.  Bui.  3, 

21  p.,  7  flg. 

A  6-Iine  reference  as  follows,  p.  7  : 

Watermelons  and  muskmelons  are  a  luxury,  a  good  melon  bringing  50  cents  to  $1 
at  the  fruit  stands  in  Honolulu.     These  products  could  be  raised  in  certain  sections. 

In  quantities  great  enough  to  bring  them  within  tb ""  " ""*^'" --^ 

for  the  attack  of  the  melon  fly  (Dacus  cuourhitm). 
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(12)     Van  Dine,  D.  L. 

1904.    Entomological  work.     In  Ann.  Rpt  Hawaii.  Agr.  ExpL   Sta.,  r 

372-379. 
Reference  as  follows  (p.  376)  :  "The  melon  fly  {Dacu9  cucurbiia)  ia  a  tmc  flj  «f 
the  family  Trypetlde.    The  larva  infests  the  fruit  of  all  plants  of  the  family  Cacir- 
bitacete ;  destructive  also  to  beans  and  tomatoes." 

(18)     Cbaw,  Alexander. 

1905.  Report  of  superintendent  of  entomology.  In  1st  Rpt  B<L  Agr.  a»: 
Forestry  Hawaii,  p.  136-146. 
Reference  is  as  follows  (p.  138)  :  "  The  melon  fly  {Dacus  eueurbiUB)  was  nnfortc- 
nately  introduced  here  a  few  years  ago  from  Japan.  That  pest  has  practically  stoppM 
the  production  of  muskmelons  here.  It  also  attacks  other  melons,  besides  cncuBkefs, 
squash,  tomatoes,  and  even  string  beans." 

(14)  Krauss,  F.  G. 

1905.  The  vegetable  garden.    In  Hawaii.  Forester  and  Agr.,  v.  2,  na  11, 

p.  353-361. 
The  author  states  in  a  discussion  of  melons  that  "  were  it  not  for  the  ravages  <rf 
the  cut-worms,  plant  lice,  and  the  melon  fly  these  crops  would  be  delightful  to  grov 
in  Hawaii,  but  our  advantages  from  the  absence  of  frost  are  about  offset  by  tb« 
prevalence  of  Insect  pests." 

(15)  Terby,  F.  W. 

1906.  A  preliminary  account  of  insects  of  economic  importance  in  tbt- 

Hawaiian  Islands.    In  Haw.  For.  and  Agr.,  v.  3,  no.  2,  p.  3^H4a 

Discusses  Dacu8  cucurhitw  In  24  lines  of  print  (p.  44).    *'  Since  its  arrival  It  ht.^ 

practically  stopped  the  raising  of  melons,  cucumbers,  squashes  and  tomatoes  lo  ntij 

localities,  unless  these  plants  are  carefully  screened  from  the  attacks  of  the  iy'^ 

Popular  notes  on  life  history  and  description  of  very  general  nature. 

(16)  Van  Dine,  D.  L. 

1906.  The  melon  fly    {Dacus  cucurhitw  Coqulllett).    In  Haw.  For.  and 

Agr.,  V.  3,  no.  4,  p.  127-129. 
A  3-page  popular  account  of  a   most  general  nature.     States  that  during  lasi 
season  the  crop  of  melons  exceeded  any  previous  crop  since  the  advent  of  the  fl;. 
probably  due  to  the  perseverance  of  Japanese  growers  In  protecting  their  melons  fNs 
the  fly  at  or  immediately  after  the  setting  of  the  fruit. 

(17)  Cbaw,  Alexander. 

1907.  Reports  of  horticultural  quarantine  Inspection  work.     In  HawtU. 

For.  and  Agr.,  v.  4,  no.  5,  p.  113-116. 
Prom  dead  specimens  of  the  "  melon  fly  "  {Dacus  cucurhitw)  received  by  this  ^^ 
slon  from  the  government  entomologists  of  India,  we  learn  of  the  existence  of  Berertl 
parasites  that  prevent  its  seldom  or  ever  becoming  a  pest  there.  An  effort  sboaM 
be  made  to  introduce  these  parasites  here  by  way  of  Hongkong.  This  would  to  i 
difficult  experiment,  owing  to  the  great  distance,  but  the  undoubted  benefit  to  tJ^ 
melon  industry  of  this  Territory,  in  case  these  parasites  were  successfully  !ntrod«»d 
and  established,  would  Justify  the  expenditure  of  considerable  money  in  the  attaiiM 
to  control  this  pest. 

( 18 )  M  ax  w  ell-Lefroy. 

1907.  The  more  important   insects  injurious  to  Indian   agriculture.    /■ 

Mem.  Agr.  Dept.  India,  Ent.  Ser.,  v.  1,  p.  113-252,  80  fig. 
Page  228  states  that  this  is  a  sporadic  and  occasionally  serious  pest  which  Ube" 
nates  during  cold  months  and  is  found  in  hot  weather  and  rains.    Gives  distrfbatJAi 
as  "  Naslk,  Pusa,  Ilathwa,  Surat,  Umballa.     Probably  throughout  India." 

(19)  Van  Dine,  D.  L. 

1908.  Report  of  the  entomologist    In  Ann.  Rpt  Hawaii.  Agr.  Expt  Sta- 

1907,  p.  25-51,  3  fig.,  2  pi. 
The  melon  fly,  p.  30-35 :  A  good  concise  article  of  6}  pages,  containing  copies  tf 
(1).   (2)   and  (17),  the  first  illustrations  of  adult,  eggs,  larva  and  puparion  erw 
published,   a   complete   bibliography   to   date,    besides  general   statements   regardtv 
ravages  and  control. 
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(20)  HOWLETT,  F.  M. 

1900.     Diptera.     In  Maxwell-Lefroy's  Indian  Insect  Life,  p.  545-664,  pL 
58-71,  fig.  348-423. 
No  text  regarding  Da<m8  cucurbitw  but  figures  adult  female,  eggs  in  gourd,  larva 
and  pupa,  together  with  anterior  and  posterior  spiracles  of  pupa,  p.  633,  fig.  4,  8. 

(21)  KiBKALDY,   G.    W. 

1909.  Entomological  notes.  In  Haw.  Planter's  Record,  v.  1,  no.  2,  p.  32. 
Short  note  stating  that  some  parasites  of  the  melon  fly  left  with  the  Hawaiian 
Board  of  Agriculture  and  Forestry  by  Geo.  Compere  were  being  investigated  by  the 
Entomological  Division  of  the  Hawaiian  Sugar  Planters'  Association.  (See  (23)  for 
farther  information.) 

(22)  Blackman,  L.  G. 

1909.     Our  melon  pest.    In  Hawaii.  Forester  and  Agr.,  v.  6,  no.  8,  p.  281. 
Calls  attention  to  an  estimated  loss  of  three-quarter  million  dollars  annually  to 
Hawaii  as  a  result  of  melon-fly  attack  and  to  the  need  of  a  search  for  and  the 
introduction  of  parasites  of  the  melon  fly. 

(23)  KOTINSKT,  J. 

1909.  Report  of  the  superintendent  of  entomology  for  July,  1909.  In 
Hawaii.  Forester  and  Agr.,  v.  6,  no.  9,  p.  358-^61. 
Gives  result  of  Investigation  referred  to  in  (21).  Records  the  rearings  from 
pnpie  of  Ceratitis  capitata  sent  by  Geo.  Compere  from  West  Australia.  Consignment 
on  arrival  at  Honolulu,  June  24,  1909,  was  turned  over  to  the  Entomological  Divi- 
sion of  the  Hawaiian  Sugar  Planters'  Association.  Summarizes  investigations  made 
by  O.  H.  Swezey,  of  the  Hawaiian  Sugar  Planters'  Association  (see  p.  364-365),  by 
saying  that  a  few  adults  of  Ceratitis  capitata  emerging  first  were  allowed  to  die  in 
the  rearing  vials  before  removal;  that  although  115  specimens  of  Chalcia  (probably 
Tetra9tichoid€8  sp.)  emerged  and  were  placed  with  melon-fly  maggots  no  mating  or 
ovlposition  was  noted  and  no  maggots  became  parasitized.  Seven  specimens  of  a 
braconid  {Apodeamia  sp.)  were  reared,  but  no  mating  or  attempts  at  ovlpoBltion 
were  noted,  and  no  parasitism  followed  the  confinement  of  these  parasites  with 
cucumbers  infested  with  maggots  of  Dacua  cucurbitw. 

(24)  BE35ZT,   M. 

1909.    Le  specie  del  generi  Ceratltis,  Anastrepha  e  Dacus.     In  BoL  I-.ab. 
Zool.  Portlcl,  V.  3,  p.  273-313. 
Dacua  cucurbito',  p.  294  and  300.     Purely  systematic  reference. 

(25)  Van  Dine,  D.  L. 

1909.     Report  of  the  entomologist.     In  Ann.  Rpt.  Hawaii.  Agr.  Expt.  Sta., 
1908,  p.  17-41. 
Page  82,  a  5-line  reference  as  follows :  "  It  is  believed  that  at  the  present  price 
of  melons  it  would  pay  to  grow  muskmelons  at  least  under  cover,  fertilising  the 
flowers  by  colony  of  beee." 

(26)  Fboooatt,  W.  W. 

1909.  Report  on  Parasitic  and  Injurious  Insects.    Dept.  Agr.  N.  S.  Wales. 

1907-1908,  p.  53,  54,  56,  84^-85,  pi.  11,  figs.  6,  7. 
Records  Dacus  cucurbita  from  gardens  about  Allahabad,  India,  and  Jaffna, 
Ceylon.  States  that  D<iou9  cucurbitw  was  not  attracted  to  citronella  oil,  although 
other  species  of  Dacua  were;  that  Mulr  found  India  the  native  home  of  D.  cucur- 
bita,  and  that  his  own  later  investigations  showed  that  it  was  widely  distributed 
over  India  and  Ceylon ;  found  Dacus  cucurbitw  wherever  melon  gardens  were  exam- 
ined in  Central  and  Northwestern  India  ;  reared  it  from  melons,  cucumbers,  bitter 
gourd,  and  eggplant. 

(27)  Mabsh,  H.  O. 

1910.  Report  of  the  assistant  entomologist.    In  Rpt.  Bd.  Comrs.  Agr.  and 

Forestry,  Hawaii,  p.  152-159. 
Forty-three  lines  of  print  calling  attention  to  utter  disregard  by  oriental  gardeners 
of  clean  cultural  methods  and  resultant  increase  of  Dacus  cucurbitw  about  Honolulu. 
Discusses  results  of  spraying  with  poison  baits  and  use  of  trap  crop.  In  the  latter 
cantaloupes  were  used  with  cucumbers  with  negative  results,  since  both  crops  were 
entirely  destroyed.  Spraying  experiments  in  which  a  solution  of  molasses  1  quart, 
Paris  green  1  ounce,  and  water  li  gallons  was  used,  gave  negative  results,  although) 
applied  dally  from  September  9  to  October  14.  A  solution  with  arsenate  of  lead 
also  gave  negative  results. 
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(36)     Bezzi,  M. 

1913.  Indian   trypanelds    (fruit   flies)    in  the  coilection  of   the   Indian 

Mnsenm.    In  Mem.  Indian  Mas.,  v.  3,  no.  3,  p.  53-175,  pi.  S-IG, 

3  fig. 
Bactrocera  cucurUtw  Coqnillett,  p.  96-97,  pi.  8,  fig.  7  (wing)  : 
**  A  proportionally  large  species  which  can  be  easily  recognised  from  all  other 
known  IncQan  species  by  the  posterior  cross- vein  of  the  wings  being  widely  bordered 
with  brown,  vertical,  thoracic,  and  scutellar  bristles  black.  Third  abdominal 
segment  of  the  male  with  a  row  of  black  bristles;  anal  stripes  dilated  at  tip,  bat 
less  abruptly  than  in  the  preceding  species  [mangifera].'*  States  that  this  species 
has  been  found  widely  distributed  over  India  and  Ceylon,  and  that  this  region  is  its 
original  home.  '*  In  the  collection  are  manv  specimens  from  Calcutta,  caught  in 
April,  May,  June,  and  September ;  others  from  Durjbana,  Nepal  Terai,  Ranchi ; 
Knmdlik,  Nepal  Terai,  in  March;  Bnogaon,  Pumeah  district,  N.  Bengal,  in  October; 
Allahabad,  United  Provinces,  in  August ;  NepalganJ.  Nepal  Frontier,  22-zl-ll ; 
Siripur ;  Saran,  N.  Bengal,  26-ix-lO :  Adra,  Manbhum  district,  12-X-09 ;  Bombay, 
in  gourds,  12-X-08 ;  Peradeniya,  Ceylon,  10-1." 

States,  on  page  866,  that  while  he  reared  four  species  of  Dacus  from  Fijian  fruits 
he  did  not  find  Cucurbitaceas. 

(88)     MxJiB,  P. 

1914.  Observations  in  Formosa.    In  Hawaiian  Planters'  Record,  v.  10, 

no.  4,  p.  274-281. 
In  8-line  reference,  p.  281,  states  "  Dacus  <mcurbitiB  and  Dacus  diversa  (c)  are 
both  common  and  do  harm — the  former  to  cucumbers,  melons,  etc. ;  the  latter  to 
citrus  fruits.     No  parasites  are  known  to  attack  them." 

(39)  Bbidwell,  J.  O. 

1914.    Report  for  the  period  from  October  1  to  December  31  [1913].    In 
Hawaii.  Bd.  Agr.  and  Forestry  Bui.  3,  p.  154-160. 
States  that  development  of  melon  fly  is  not  retarded  by  winter  weather  and  that 
melon-fly  pup®  may  be  used  experimentally  in  rearing  parasites  for  C.  capitata. 

(40)  Rutherford,  A. 

1914.    Report  of  the  entomologist    In  Rpt  Dept  Agr.  Ceylon,  July  1,  1912, 
to  December  31,  1913,  p.  9-12. 
lists  D.  euourbitw  among  Tarlons  insects  of  economic  importance. 

(41)  Damhebman,  K.  W. 

1914.    Het  Vraagstuk  der  Frult-vllegen  voor  Java.    Dept.  van  Landbouw, 
Nljverheid    En    Handel.     Meddellngen    van    de    Afdeeling    voor 
Plantenzlekten,  no.  8,  p.  7-8,  pi.  2,  fig.  1.  (wing). 
States  that  in  Java  has  bred  Dacus  cucurbitce  from  Momordlca  and  Citrullus,  and 

lists  as  feeding  in  melons,  watermelons,  and  cucumbers.     Article  of  value  chiefly 

as  reference  to  presence  of  peat  in  Java. 

(42)  Maskew,  F. 

1914.    Report  of  investigations  of  the  fruit-fly  situation  in  the  Territory 
of  Hawaii.     In  Mo.  Bui.  State  CJom.  Hort.  Cal.,  v.  3,  no.  6,  p. 
227-288. 
Report  deals  chiefly  with  Oeratitia  capitata,  but  contains  the  following :  '*  The 

melon  fly  (Dacus  cucurhita)  is  a  source  of  great  flnancial  loss  to  the  producers,  and 

all  of  its  hosts  should  be  included  in  the  list  of  material  covered  by  the  United 

States  quarantine  order.'* 

(43)  Fletcher,  T.  B. 

1914.  ^ome  South  Indian  Insects.    565  p.,  50  pi.,  440  fig.    Madras. 

Page  864  states  that  the  melon  fly  is  a  serious  pest  to  cucurbits  through  southern 
India,  where  it  passes  through  the  egg,  larval,  and  pupal  Btages  in  about  15  days. 
Recommends  prompt  gathering  and  deep  burial  of  all  infested  fruits  and  protection 
of  fruits  by  coverings  of  netting.  Colored  plate  26  gives  good  enlarged  dorsal 
view  of  adult  fly  and  flgures  of  larvae  and  pupe.  Illustrations  same  as  appearing 
in  (20),  only  enlarged  and  colored. 

(44)  FULLAWAT,  D.  T. 

1914.    Report  of  the  entomologist.    In  Ann.  Rpt.  Hawaii.  Agr.  Exp.  Sta., 
1913,  p.  18-21. 
Lists  of  insects  affecting  various  garden  crops  with  approved  notes.     Lists  Dacus 
ouourbitw  as  affecting  cabbage,  eggplant,  tomatoes,  peppers,  and  cucumbers. 
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(45)  Sevebin,  H.  H.  p.,  Sbverin,  H.  C,  and  Hastttno,  W.  J. 

1914.  The  ravages,  life  hlstoryi  weights  of  stages,  natural  ^i^nkiH  mi 
methods  of  control  of  the  melon  fly  {Dacus  cucurbitw  Ooq.).  £l 
Ann.  Ent  Soc.  Amer.,  v.  7,  no.  8,  p.  177-207,  pL  27-«l^  4  fig. 

Most  comprebeDsive  paper  dealing  with  Dacua  cucurbii<t  thus  far  pobllsiied.  tf 
special  interest  from  standpoints  of  new  and  for  most  part  original  data  and  Ili» 
trations  of  pest's  capacity  for  damage,  and  for  data  on  length  of  egg,  larval,  ni 
pupal  stages,  weights  of  yarious  stages,  and  control  by  submergence  In  water,  bvW 
in  sand  and  soil,  traps,  and  poisoned  sprays. 

(46)  Back,  E.  A.,  and  Pehberton,  C.  E. 

1914.  Life  History  of  the  Melon  Fly.    In  Jour.  Agr.  Res.,  v.  3,  na  3^  p. 

209-274. 

Preliminary  to  present  bulletin,  giving  data  on  length  of  egg,  larval,  and  pvpi) 
stages,  and  upon  longevity,  sexual  maturity,  and  rate  of  ovlposltion  of  adults  dortag 
the  warmer  periods  of  Hawaiian  weather.  First  report  of  careful  biological  vo(t 
in  which  the  important  influence  of  temperature  is  taken  into  conslderatloo. 

(47)  FULLAWAT,  D.  T. 

1915.  Report  of  the  entomologist    In  Rpt  HawalL  Agr.  Exp.  Sta^  Idli 

p.  43-50. 

Reference  as  follows  (p.  49)  :  "  The  melon  fly  (Dacus  cucnrhiiw)  has  often  b«i 
reported  infesting  the  heart  of  cabbage,  but  the  infestation  is  not  at  all  comnioo  aid 
Is  considered  to  be  due  to  abnormal  conditions  in  the  plant  and  of  a  secoadaiy 
nature." 

(48)  Sevebin,  H.  H.  P. 

1915.     Experiments  in  destroying  fruit  infested  with  fruit  fly  maf^ota 
In  Ent.  News,  v.  26,  no.  2,  p.  78-83. 
Deals  with  both  0.  capitata  and  D.  cucurbits.     Contains  1|  pages  of  compOatiia 
from  oilier  authors,  2i  pages  taken  verbatim  from   (34),  and  1  page  of  conclnetoai 
and  bibliography.     Tables  and  flgure  appear  In  (34). 

(49)  M ASKEW,  F. 

1915.  Report  of  the  quarantine  division  for  the  years  1912,  1913,  ISrti 
and  1915,  appearing  In   Mo.   Bui.   St.  C?om.  Hort,  Vols.  II,  III» 

and  IV. 

Records  the  interception  at  Han  Francisco  of  contraband  material  from  HoooUlh 
containing  living  larvae  of  Dacua  cucurhittB  during  July,  1012,  June  and  SeptfrtWi 
1913,  and  June,  1914.  No  melon  flies  were  Intercepted  during  1915  unless  cottiil 
by  the  "  tomatoes  infested  by  trypetld  larvae  **  recorded  for  November. 

(W)  Hill,  G.  F. 

1915.     Insect  Pests  of  Plants.     Northern  Territory  of  Australia.    Pqt 
External  AflPalrs.    Melbourne.    Bui.  no.  13,  16  p. 

Dacua  cucurhitw  Coq.  is  listed  as  pest  of  melons,  pumpkins,  and  marrows,  tiasil 
some  of  the  principal  insect  pests  of  trees  and  crops  at  present  grown  In  ttt 
Northern  Territory. 

(51)  Bryan,  W.  A. 

1915.     Natural  History  of  Hawaii.     596  p.,  117  pL,  Honolulo. 

Six-line  paragraph  dealing  In  a  general  way  with  the  melon  fly  at  oae  if  t 
number  of  important  pests  introduced  Into  Hawaii,  p.  387. 
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INTRODUCTION. 

This  bulletin  embodies  a  study  undertaken  with  a  view  to  determin- 
ing the  relative  importance  of  the  several  factors  which  made  for 
success  or  failure  in  the  management  of  representative  farms  in  cen- 
tral Georgia.  An  analysis  was  made  of  the  business  of  each  of  534 
such  farms  in  Sumter  County  to  bring  out  the  economic  signifi- 
cance of  such  factors  as  tenure,  size  of  farm,  farm  organization,  crop 
yield,  and  cost  of  cotton  production.^ 

The  Sumter  County  area,  where  the  study  was  made,  is  strictly  a 
cotton-growing  section,  more  than  one-half  of  the  land  in  cultivation 
being  devoted  to  that  crop  and  89  per  cent  of  all  farm  receipts  com- 
ing from  that  source.  Roughly  speaking,  one-third  of  all  farm  lands 
in  the  county  are  in  cotton,  one-third  in  woods,  and  the  remainder 
in  other  crops  and  pasture.  The  farms  studied  vary  in  size  from  the 
50-acre  tenant  farm  to  the  5,000-acre  plantation.  On  about  one- 
fourth  of  the  farms  the  owner  reduces  risk  and  responsibility  by  rent- 

^The  authors  wish  to  acknowledge  their  Indebtedness  to  the  many  farmers  of  Sumter 
County  through  whose  courteous  cooperation  this  work  was  made  possible. 

Non. — ^Thls  bulletin  is  a  report  on  an  exhaustive  study  of  farming  in  a  representative 
county  in  the  cotton  belt  and  is  of  interest  to  cotton  growers  especially. 
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ing  out  part  of  his  acreage.  Of  217  farms  operated  by  oolwwi 
farmers,  only  a  few  are  owned,  and  nearly  all  are  of  less  than  lOO 
acres.  Seven  out  of  every  ten  of  these  farms  are  worked  almost  en- 
tirely by  the  negro  operator  and  his  family.  The  general  system  of 
operation  in  vogue  in  Sumter  County  is  typical  of  farming  operatioib 
throughout  a  large  part  of  the  cotton  belt. 

SUMMARY  OF  RESULTS. 

Following  is  a  brief  resum6  of  the  more  significant  facts  brought 
out  or  substantiated  by  this  investigation : 

Farm  profits  on  these  farms  for  the  year  of  the  sur^'ey  (1913)  were  in 
direct  proportion,  both  to  the  number  of  acres  m  crops  and  the 
yield  of  cotton  per  acre. 

On  farms  of  approximately  the  same  size,  labor  incomes  were  high 
when  the  yield  of  cotton  was  high  and  low  when  the  yield  was 
low. 

On  owner  farms  of  approximately  the  same  size  labor  incomes  were 
high  when  percentage  of  crop  area  in  cotton  was  high,  and  vice 
versa. 

The  white  farmers  of  the  area  are  getting  a  much  higher  yield  per 
acre  than  the  colored  farmers. 

Cotton,  corn,  oats,  and  cowpeas,  in  order,  are  the  more  impK)rtant 
crops  of  the  region. 

Cotton  occupies  59  per  cent  of  the  tilled  area  of  the  farms  surveyed 
and  returns  89  per  cent  of  the  total  farm  receipts.* 

Corn  occupies  over  one-fourth  of  the  tilled  area  and  was  grown  on 
every  farm  visited.  Oats  are  the  principal  small-grain  crop  and 
are  also  used  for  hay  and  pasture.  Cowpeas  for  hay  and  seed 
occupy  about  half  as  much  land  as  corn.  About  85  per  cent  of 
the  land  utilized  for  a  second  crop  in  1913  was  in  cowpeas. 

The  cost  of  producing  cotton,  computed  for  534  farms,  was  found  to 
average  about  10.5  cents  per  pound  of  lint. 

The  cost  of  producing  cotton  on  these  farms  decreases  with  increase 
in  size  of  farm.  The  relative  rate  of  reduction  in  cost  due  to 
increase  in  acreage  is  greater  for  the  farms  ranging  from  anall 
to  medium  than  tor  those  ranging  from  medium  to  large. 

The  cost  of  producing  cotton  on  these  farms  decreases  with  increase 
in  yield  per  acre.  The  reduction  due  to  increased  yield  is  rela- 
tively greater  for  farms  with  yields  ranging  from  low  to  medium 
than  for  farms  with  yields  ranging  from  medium  to  high. 

On  farms  with  high  yields  of  cotton  per  acre  the  cost  per  acre  was 
high  but  the  cost  per  pound  low. 

Aside  from  work  stock,  hogs  constitute  the  most  important  class  of 
live  stock. 

Of  the  cash  expenditures  of  these  farms,  labor  and  fertilizer  together 
represent  three-fourths  or  more  of  the  total. 

In  efficiency  in  utilizing  labor,  mules,  and  machinery,  the  large  farms 
have  a  great  advantage  over  the  small  ones.  On  the  smidl  white- 
owner  Farm  one  mule  works  10  acres  of  cotton  and  11  acres  of 
other  crops,  while  on  the  large  farm  one  mule  works  19  acres  of 
cotton  and  10  acres  of  other  crops. 

» This  percentage  of  receipts  is  based  on  a  price  of  12  cents  per  pound. 
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The  cotton  type  of  farming  enables  men  with  but  very  little  capital 
to  begin  farming.  The  average  capital  of  colored  tenant  farm- 
ers was  but  $491,  yet  the  average  income  of  these  negroes  and 
their  families  was  $506. 

On  the  white-owner  farms  the  intensive  type  of  farming  practiced 
in  this  section  raises  cash  expenditures  to  over  60  per  cent  of 
total  receipts.  If  the  receipts  from  cotton  should  at  any  time 
fall  off  40  per  cent  from  the  average  for  1913,  these  farms  would 
barely  pay  expenses  and  would  return  nothing  for  capital  or  for 
labor  done  by  the  operator. 

The  colored  share  cropper  realizes  50  pounds  of  cotton  and  4  bushels 
of  com  more  per  acre  than  the  colored  tenant. 

SOURCES  OF  INFORMATION. 

The  best  source  of  agricultural  information  is  the  farm.  From  the 
individual  farmer  who  has  long  years  of  experience  may  be  obtained 
data  that  will  determine  approximately  the  factors  which  govern  his 
income.  A  consensus  of  such  individual  data  will  determine  approxi- 
mately the  factors  which  govern  the  prosperity  of  any  agricultural 
region.  In  the  agricultural  region  involved  in  this  study,  devoted 
almost  exclusively  to  one  type  of  farming,  can  be  found  examples  of 
various  forms  of  farm  organization  and  of  various  farm  methods 
and  practices.  Some  of  the  farms  in  this  region  are  yielding  much 
larger  profits  than  others.  Some  farmers  through  efficient  operation 
are  realizing  a  good  annual  income  and  at  the  same  time  building  up 
their  farms,  while  others  who  are  apparently  working  just  as  ear- 
nestly are  barely  able  to  make  both  ends  meet.  The  data  secured  in 
such  an  investigation  as  this  serve  to  bring  out  in  relief  the  vital  fac- 
tors of  farm  practice  which  account  for  this  difference.  The  data 
presented  herewith,  representing  the  experience  of  534  southern 
farmers,  should  be  applicable,  not  only  to  the  area  covered  by  the 
study,  but  to  a  large  portion  of  the  southern  district  where  like  condi- 
tions and  a  like  type  of  farming  prevail. 

AREA  STUDIED. 

Sumter  County  is  in  the  southwestern  part  of  Georgia  (see  fig.  1). 
Americus,  the  county  seat,  situated  near  the  center  of  the  county,  is 
about  150  miles  south  of  Atlanta,  185  miles  west  of  Savannah,  and 
95  miles  north  of  the  Florida  State  line.  Practically  the  entire 
county  is  represented  in  this  study,  except  small  areas  in  the  north- 
eastern and  northwestern  districts. 

HISTORY. 

The  county  was  laid  out  in  1831  from  part  of  Lee  County.  The 
first  inhabitants  came  mostly  from  the  older  districts  of  the  State. 
The  present  population  is  29,092,  of  which  7,849  are  white  and  21,243 
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are  colored.  The  county  contains  291,840  acres,  of  which  276,8M 
acres  are  in  farms.  The  land  was  originally  owned  in  very  large 
tracts,  but  during  recent  decades  many  of  these  large  farms  have 
been  cut  up,  so  that  there  now  exist  a  good  many  small  and  medium- 
sized  farms. 


TENN. 


Pig.  1. — Shaded  area  shows  location  of  county  in  which  farms  studied  were  loctifi^ 

(Sumter  County,  Ga.). 

The  county  is  served  by  two  railroads,  which  furnish  very  good 
transportation  facilities.  The  main  line  of  the  Central  of  Georgia 
crosses  the  county  from  north  to  south  through  Americus.  The 
Seaboard  Air  Line  enters  the  county  on  the  west  and,  passing  through 
Plains,  goes  northeast  to  Americus,  thence  southeast  through  the 
small  towns  of  Leslie,  Desoto,  and  Cobb  in  the  southeastern  section  of 
the  county.  Practically  all  the  main  wagon  roads  of  the  county  are 
in  excellent  condition. 
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SOILS  AND  TOPOGRAPHY. 

Sumter  County  lies  wholly  within  the  Coastal  Plain,  its  northern 
boundary  being  28  miles  south  of  the  Piedmont  line.^  The  soils  are 
predominantly  sandy,  this  type  occupying  about  75  per  cent  of  the 
total  land  area  of  the  county.' 

The  topography  of  the  county  varies  from  very  rolling  in  the 
northern  portion  to  very  gently  rolling  or  flat  in  the  southern  part. 
The  general  slope  is  from  northwest  to  southeast,  and  practically  all 
the  streams  flow  in  a  southeasterly  direction. 

CLIMATE. 

The  climate  of  this  county  is  characterized  by  summers  long  but 
not  extremely  hot,  and  short,  mild  winters.  . 

The  average  rainfall  as  recorded  by  the  United  States  Weather 
Bureau  at  Americus,  Ga.,  for  the  10  years  1904  to  1913,  inclusive, 
was  47  inches.  (See^g.  2.)  October  and  November  are  fne  two 
months  with  the  lowest  average  rainfall  during  this  period.  During 
the  10  years  there  was  an  average  of  24  inches  of  rainfall  from  April 
1  to  September  30,  which  is  an  abundance  for  crop  production  in 
this  region  when  distributed  over  this  period  as  evenly  as  is  shown  by 
figure  2. 

The  rainfall  for  the  year  of  the  study  (1913)  was  45  inches,  or 
only  2  inches  below  the  10-year  average.  During  that  year  the  rain- 
fall was  well  distributed  throughout  the  growing  season.  It  was  a 
little  below  normal  during  the  months  of  April  and  May,  but  for 

»  Soil  Survey,  Sumter  County,  Ga.,  U.  8.  Dept.  of  Agriculture,  Field  Operations  of  the 
Bureau  of  Soils,  1911. 

•The  most  important  soil  division  of  the  county,  one  which  occupies  88.7  per  cent  of 
its  total  land  area,  comprises  the  soils  derived  from  unconsolidated  water-deposited  ma- 
terial under  good  drainage  conditions.  This  soil  division  contains  four  distinct  series. 
The  first  and  most  important  is  the  Greenville.  The  soils  of  this  series  are  of  a  reddish- 
brown  to  dark  red  color,  with  a  dark  red  subsoil.  This  series  occupies  63.9  per  cent  of 
the  total  land  area  of  the  county.  The  Norfolk  soil  series  Is  second  in  importance  and 
occupies  16.9  per  cent  of  the  area  of  the  county.  The  Norfolk  soils  are  characterized  by 
the  gray  color  of  the  surface  soils  and  the  grayish-yellow  to  yellow  color  of  the  subsoils. 
This  series  also  has  a  somewhat  lower  agricultural  producing  value  than  the  Greenville 
series.  The  Orangeburg  soil  series  occupies  only  2.5  per  cent  of  the  land  area  of  the 
county.  The  soils  of  this  series  are  of  a  gray  color,  with  red  subsoils.  The  Orangeburg 
soils  are  closely  related  to  the  Greenville,  differing  mainly  in  the  gray  color  and  loose 
structure  of  its  soils,  the  subsoil  being  quite  like  that  of  the  Greenville.  The  several 
types  of  the  Orangeburg  series  are  not  so  productive  as  the  corresponding  types  of  the 
Greenville  series.  The  fourth  series  of  this  division  is  represented  by  the  Tifton  soil  and 
occupies  5.4  per  cent  of  the  area  of  the  county.  These  soils  are  gray  to  brown  In  color, 
with  yellow  subsoils.     Ironstone  pebbles  are  abundant. 

The  second  soil  division  of  agricultural  importance  to  this  region  is  known  as  the  Ports- 
mouth series.  This  soil  comprises  2.9  per  cent  of  the  land  area  of  the  county.  The 
Portsmouth  soils,  formed  under  poor  drainage  conditions,  from  probably  the  same  material 
that  gives  rise  to  the  Greenville,  Orangeburg,  Norfolk,  and  Tifton,  are  characterized  bj 
the  dark-gray  to  black  color  of  the  surface  soil  and  the  light-gray  or  mottled  gray,  yellow, 
and  red  of  the  subsoil. 

Other  soil  divisions  which  are  of  only  minor  importance  to  the  agricultural  region  as 
a  whole  are  the  Sumter  stony  sandy  loam,  the  low  meadow  land,  the  swamp  land,  and 
the  old  alluvial  soil. 
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June,  July,  August,  and  September  there  was  an  average  of  4.8 
inches  of  rainfall  per  month. 

METHOD  OF  PROCEDURE. 

The  method  used  in  getting  together  the  data  upon  which  this 
bulletin  is  based  was  adopted  by  the  Office  of  Farm  Management 
after  long  experience  with  different  means  and  methods.^ 
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Fio.  2. — A  comparison  of  the  rainfall  of  Sumter  County  In  1913  with  the  10-year 
avcniKO   from   1004   to   1013,   iuclugive. 

During  the  months  of  April  and  May,  1914,  investigators  from  the 
Office  of  Farm  Management  familiar  with  southern  agriculture 
visited  Sumter  County  and  made  a  study  of  farm-management  prob- 
lems in  that  region.  These  men  visited  each  farm  in  this  locality 
and  made  a  complete  record  of  a  year's  business  transactions,  to- 
gether with  an  inventory  of  all  the  farm  investment  for  the  begin- 
ning and  for  the  end  of  the  farm  year.  The  farm  year  in  this  lo- 
cality extends  from  January  1  to  January  1,  and  the  particular  year 

^  An  outline  explaining  the  use  of  this  method,  together  with  copies  of  the  blank  forms 
uped,  may  be  obtained  by  applying  to  the  U.  S.  Department  of  Agriculture  for  Farmers* 
Bulletin  061. 
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to  which  these  data  pertain  is  1913.  In  all,  records  from  665  farms 
were  received,  but  as  a  number  of  these  were  incomplete  or  ob- 
^-'iously  inaccurate,  only  534  records  were  used  for  the  basis  of  this 
study.' 

UTILIZATION  OF  THE  FARM  AREA. 

The  farms  in  this  area  range  in  size  from  about  50  acres  to  over 
5,000  acres.  On  many  of  them  a  large  proportion  of  the  acreage  is  in 
woodland,  which  is  seldom  used  except  for  supplying  wood  for  the 
upkeep  of  buildings  and  fences,  and  on  a  few  of  the  farms  in  supply- 
ing a  little  winter  employment  in  cutting  wood  for  sale.  On  account 
of  a  very  wide  variation  among  individual  farms  in  the  proportion 
of  the  total  area  that  is  used  for  the  farm  business,  it  was  necessary 
in  this  study  to  use  as  a  measure  of  the  farm  business  the  number  of 
acres  of  tilled  land  rather  than  the  total  number  of  acres.  In  all 
tables  in  this  bulletin  where  farms  are  classified  into  group^by  size 
of  farm,  the  area  of  tilled  land  is  used  as  the  basis. 

>  In  order  to  present  the  data  clearly,  certain  terms  which  will  he  oRed  thronRhout  the 
discussion  are  here  defined.  If  Is  important  that  the  reader  thoroughly  understand  these 
terms,  as  they  will  materially  assist  in  the  interpretation  of  the  results. 

Tilled  area. — The  tilled  area  Is  the  number  of  acres  of  the  farm  devoted  to  raising  crops. 

Farm  capital. — The  farm  capital  is  the  average  value  of  all  real  estate,  Improvementa, 
machinery,  live  stock,  and  other  Investment  necessary  to  carry  on  the  farm  business.  It 
includes  the  value  of  the  farmhouse,  but  not  the  household  furnishings. 

Receipts. — The  farm  receipts  Include  the  amount  received  from  the  sale  of  crops,  the  net 
Increase  from  stock,  and  the  receipts  from  outside  labor,  rent  of  buildings,  etc.  The  net 
Increase  from  stock  is  found  by  subtracting  the  sum  of  the  amount  paid  for  stock  pur- 
chases and  the  inventory  value  at  the  beginning  of  the  year  from  the  sum  of  the  receipts 
from  stock  products,  sales  of  live  stock,  and  the  inventory  value  at  the  end  of  the  year. 
If  the  value  of  crops  or  supplies  was  greater  at  the  end  of  the  year  than  at  the  beginning, 
the  difference  was  considered  a  receipt. 

Expenses. — The  farm  expenses  represent  the  amount  of  money  paid  out  during  the  year 
to  carry  on  the  farm  business,  plus  the  value  of  the  labor  performed  by  the  family.  If 
tbe  valae  of  crops  or  supplies  at  the  end  of  the  year  was  less  than  at  the  beginning,  this 
was  couFldered  an  expense.     Ilousehold  or  personal  expenses  are  not  included. 

Farm  income. — The  farm  Income  is  the  difference  between  the  receipts  and  expenses. 
It  represents  the  amount  of  money  available  for  the  farmer's  living  above  the  value  of 
family  labor,  provided  he  has  no  interest  to  pay  on  mortgages  or  other  debts. 

Labor  income. — The  labor  income  is  the  amount  that  the  farm  operator  has  left  for  his 
lat>or  after  5  per  cent  interest  on  the  average  capital  Is  deducted  from  the  farm  income. 
It  represents  what  he  earned  as  a  result  of  his  year's  labor  after  the  earning  power  of  his 
capital  has  been  deducted.  In  addition  to  the  labor  Income  the  operator  received  a  house 
to  live  in,  fuel  (when  cut  from  the  farm),  garden  products,  milk,  butter,  eggs,  etc. 

Owner. — The  term  *'  owner  "  is  applied  when  the  entire  operation  of  a  farm  is  directed 
by  the  man  who  owns  the  farm  or  by  someone  hired  in  his  stead. 

Owner  additional. — ^The  term  **  owner  additional  **  is  used  when  the  man  who  owns  and 
directs  the  operation  of  a  farm  rents  additional  land  and  operates  It  in  connection  with 
his  own  as  one  farm. 

Owner  icith  part  rented  out. — When  a  man  owns  a  farm  and  directs  the  operation  of 
part  of  it,  renting  the  other  part  out  for  a  specified  amount,  .and  assuming  little  or  no 
responsibility  for  its  operation,  he  Is  termed  an  owner  with  part  rented  out. 

Tenant. — When  a  man  rents  a  farm,  furnishes  all  labor  and  equipment,  directs  its 
entire  operation,  and  pays  the  landlord  cash  or  a  fixed  amount  of  cotton  for  the  use  of 
tbe  land  he  is  termed  a  tenant 

Landlord. — The  landlord  is  the  person  who  owns  a  farm  which  is  rented  to  a  tenant. 
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A  general  idea  of  the  way  in  which  the  land  in  this  county  is  util- 
ized may  be  formed  by  a  glance  at  figure  3.  Crop  land  occupies  some- 
thing over  one-half  (54.2  per  cent)  and  woodland  about  one-third 
(32.6  per  cent)  of  the  total  farm  area.  The  remainder  of  the  land  is 
in  waste,  pasture,  and  idle  crop  land,  the  idle  crop  land  occupying 
almost  as  much  as  the  pasture  land,  and  the  waste  land  occupying  a 
little  more  than  these  two  combined. 

In  Table  I  the  268  farms  operated  by  white  owners  are  arranged 
in  six  groups  by  size  of  farm,  in  order  to  show  the  utilization  of  land 
and  the  value  of  real  estate  per  acre  on  farms  of  different  size-  The 
farms  in  these  groups  vary  in  average  size  from  a  total  farm  area 
of  63  acres  with  33  acres  of  crops  in  the  first-size  group,  to  a  total 
of  1,625  acres  with  827  acres  of  crops  in  the  last-size  group. 


oisTnieuTioN 

OP  FARN  ARC  A 


PER  CENT  or  TOTAL  AREA 
10  20  30  40 


SO 


CROP    LAND 
WOOD 
WASTE 
PASTURE.     •' 
IDLE  CROP  * 


Fig.  3. — Percentage  distribution  of  land  area  on  268  farms,  Snmter  Coonty.  Ga- 

Table  I. — Utilization  of  land  and  value  of  real  estate  per  acre  on  268  farvu 
operated  by  white  owners,  owners  additional,  and  owners  with  part  rented  ©•* 
{Sumter  County,  Qa.). 


Groups  of  farms  based  on  tilled 

area  per 

Earn. 

Item. 

60  acres 
and  less. 

51  to 

100 

acres. 

101  to 

160 

acres. 

151  to 

250 
acres. 

251  to 

450 

acres. 

Over 

450 

acres. 

AH 

Number  of  farms . . 

36 
63 
33 

60.2 

52.0 

5.9 

2.4 

30.7' 

9.0 

134.00 

64 
151 

77 

55.6 

51.3 

2.5 

2.9 

36.3 

7.0 

S34.00 

66 
201 
123 

65.4 
61.3 
2.2 
2.6 
25.1 
8.8 
$39.00 

47 
825 
197 

65.9 

ea7 

1.6 
4.4 
23.7 
9.6 

$4aoo 

30 
566 

321 

61.0 

66.7 

2.6 

2.7 

31.3 

6.7 

137.00 

35 

1,625 

827 

54.3 

5a9 

LI 

2.4 

3&5 

ai 

I3L00 

2S 

Area  per  farm acres. . 

Tilled  area  per  farm do. . . 

Per  cent  of  farm  in— 

Tillable  land 

4If 
0 

5&4 

Crops 

r: 

Idle  croD  land 

L» 

Pasture 

17 

Woodland            

XLi 

Waste  land 

&4 

Value  of  real  estate  per  acre 

SK9 

"WTiile  there  is  some  variation^mong  the  groups  in  the  proporti<ffl 
of  land  that  is  tillable,  there  is  no  direct  relation  between  the  size  of 
farm  and  tillable  area.  The  table  shows  that  58.4  per  cent  of  all  the 
farm  area  is  tillable,  and  that  two  of  the  size-groups,  that  of  from  51 
to  100  acres  and  that  of  over  450  acres,  fall  below  this  proporticm. 
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and  that  these  two  groups  are  those  having  the  highest  proportion 
of  woodland. 

The  proportion  of  the  total  farm  area  utilized  for  crops  is  shown 
in  figure  3,  and  the  variation  from  this  proportion  for  the  several 
size-groups  is  shown  in  Table  I.  The  smallest  two  and  the  largest  of 
the  groups  each  has  about  one-half  of  its  farm  area  in  crops,  while 
two  of  the  intermediate  groups  each  has  slightly  over  six-tenths  of 
its  farm  area  in  crops.  The  size-groups  vary  somewhat  in  the  pro- 
portion of  farm  area  utilized  for  crops,  but  this  variation  is  irregular 
and  without  apparent  significance. 

With  the  exception  of  the  smallest  size-group  of  farms,  there  is  a 
remarkable  uniformity  in  the  proportion  of  tillable  land  utilized  for 
crops.  Beginning  with  the  smallest,  this  proportion,  expressed  in 
percentage  of  the  tillable  area,  is  86,  92,  94,  92,  93,  and  94,  with  an 
average  of  93  for  all  farms.  This  shows  that  practically  all  the  land 
immediately  available  is  being  used  for  crops.  The  small  additional 
acreage  that  might  possibly  be  used  for  crops  at  the  present  time  is 
the  area  lying  idle  and  that  utilized  as  pasture  land,  in  all  less  than 
5  per  cent  of  the  total  farm  area.  Thus  unless  more  land  is  cleared, 
it  is  impossible  to  increase  materially  the  presentTcrop  acreage. 

The  tillable  land  lying  idle  usually  consists  of  fields  badly  run 
down  in  productiveness.  In  a  few  instances  land  was  idle  because 
the  cropper  or  renter  had  moved  in  the  late  spring,  leaving  the  owner 
iinable  to  obtain  additional  labor  to  farm  the  area  relinquished.  On 
the  average  1.9  per  cent  or  8  acres  of  the  farm  area  was  idle  crop  land. 

The  percentage  of  farm  area  devoted  to  pasture  is  very  uniform 
throughout  the  several  size-groups,  averaging  2.7  per  cent.  This 
would  naturally  be  expected,  as  practically  the  only  pasture  land 
necessary  under  the  present  type  of  farming  in  this  section  is  that 
for  work  stock  and  other  live  stock  to  furnish  supplies  for  the  home 
and  for  hired  labor. 

Woodland  constitutes  32.6  per  cent  of  the  land  area  on  these  farms. 
The  more  common  trees  are  long-leaf  pine,  oak,  beech,  maple,  dog- 
wood, and  elm,  of  which  long-leaf  pine  is  the  most  valuable  for  lum- 
ber. The  land  area  occupied  by  forests  is  mostly  along  the  streams 
and  in  the  low  swampy  areas. 

The  waste  land,  which  comprises  all  the  area  taken  up  by  build- 
ings, roads,  streams,  and  other  nonproductive  ways,  is  fairly  uniform 
in  all  size-groups,  varying  from  6.7  to  9.6  per  cent,  with  an  average 
of  8.6  per  cent  for  all  farms. 

There  is  a  variation  in  the  value  of  real  estate  per  acre  in  the 
several  size-groups,  without  relation  to  the  size  of  farm.  That  it  is 
affected  primarily  by  the  percentage  of  farm  land  in  crops  is  evi- 
denced by  the  fact  that  the  highest  real-estate  values  occur  in  the 
65861**— BuU.  492—17 2 
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groups  ranking  high  in  percentage  of  crop  area.  The  lack  of  a  cor- 
relation between  size  of  farm  and  value  of  real  estate  per  acre  is 
perhaps  due  to  social  conditions  more  than  to  any  other  one  factor. 
In  other  tables  it  is  shown  that  only  the  large  farms  can  support 
an  overseer  or  manager,  and  that  on  these  large  farms  the  operator's 
time  is  almost  entirely  taken  up  in  the  supervising  of  the  boaness. 
The  operator  of  the  large  farm  can  therefore,  if  need  be,  live  at  t 
distance  from  his  farm  lands,  choosing  a  community  where  his 
family  can  have  the  best  advantages.  Usually  the  small  farmer  is 
not  able  to  do  this  and  is  often  compelled  to  live  under  very  unde- 
sirable conditions.  The  location  of  many  of  these  small  farms  is  sudi 
that  they  will  not  sell  for  more  per  acre  than  large  plantation  land. 
The  average  value  of  real  estate  on  the  268  farms  was  $34  per  acre. 

FARM  TENURE. 

In  this  study,  which  covers  the  data  received  from  534  farm  oper 
ators,  there  were  found  299  farmers  owning  a  part  or  the  entire  farm 
operated;  268  of  these  farms  were  owned  by  white  and  31  by  colored 
farmers;  the  other  235  farms  were  operated  by  tenants,  of  which  49 
were  white  and  186  colored. 

The  owner-farms  were  operated  imder  three  distinct  forms  of 
tenure,  namely,  that  of  "straight  owner,"  or  those  who  have  iht 
entire  supervision  of  all  their  farming  land;  "owner  renting  addi- 
tional," or  those  who  not  only  operate  their  own  land  but  also  rent 
additional  land  and  operate  this  along  with  their  own  farm  as  one 
unit;  and  "owner  with  part  rented  out."  The  latter  usually  include 
the  larger  farms,  the  owners  of  which  in  order  to  shift  a  share  of  the 
responsibility  and  to  experience  less  risk,  rent  out  a  part  of  their 
farms  to  tenants,  who  furnish  the  working  capital,  perform  all  the 
labor,  and  give  the  owners  a  fixed  amount  of  lint  cotton  for  the  use  of 
the  land.  It  is  on  farms  held  under  this  last-mentioned  tenure  that 
many  of  the  tenants  included  in  this  study,  especially  the  colored 
tenants,  were  found.  The  farms  operated  by  tenants  are  all  compara- 
tively small,  but  the  farms  operated  by  owners  comprise,  in  many 
cases,  several  thousand  acres. 

The  economic  and  social  conditions  of  the  South  are  of  a  very 
different  nature  from  those  of  the  northern  States,  and  the  fact  that 
these  conditions  are  changing  from  time  to  time  makes  necessary 
readjustments  of  the  relations  of  races.  In  1860  the  negroes  repre- 
sented 52  per  cent  of  the  total  population  of  the  county,  in  1880  they 
represented  66  per  cent,  and  in  1910,  73  per  cent.  This  condition  is 
attributable  not  only  to  natural  increase,  but  to  an  increased  demand 
for  negro  labor  in  this  fertile  section  over  that  of  less  productive 


Digitized  by 


Google 


I 


STUDY  OP  FABMING  IN  SUMTER  COUNTY,  GEORGIA.  11 

regions.  Separate  schools  and  churches  have  to  be  built  for  each 
race,  and  thus  farms  are  sometimes  located  a  long  distance  from 
community  centers.  Under  the  type  of  farming  followed  at  present 
in  this  region  the  two  races  are  not  separated  into  distinct  com- 
munities, since  the  large  amount  of  labor  employed  in  operating 
these  farms  compels  many  workmen  to  live  on  each  farm. 

The  white  farmers,  as  far  as  possible,  aim  to  live  in  town  or  to 
build  in  commimities  with  their  school  or  church  near  by.  Thus, 
from  their  standpoint,  the  small  farm  located  at  a  distance  from 
these  rural  communities  or  from  towns,  partly  or  entirely  surrounded 
by  large  plantations,  is  undesirable.  Thus  the  problem  of  social 
relations  has  a  vital  effect  on  the  organization  of  the  farm  com- 
munity as  a  whole. 

Naturally  the  underlying  and  most  significant  factor  in  bringing 
about  the  social  and  economic  changes  of  the  reconstruction  period 
was  the  doing  away  with  the  system  of  labor  in  vogue  before  the 
war.  Large  areas  that  had  formerly  been  farmed  on  the  plantation 
system  now  became  difficult  to  operate  as  farm  units,  and  thus  vari- 
ous systems  of  handling  labor  and  of  farm  tenure  came  into  vogue. 
The  negroes  were  free  to  work  as  day  laborers,  or,  where  they  owned 
or  could  borrow  a  little  capital,  they  could  become  either  tenants  or 
small  landowners. 

In  order  to  operate  the  owned  farms  under  the  changed  conditions 
that  have  prevailed  since  the  Civil  War  three  distinct  methods  of 
employing  labor  have  been  inaugurated,  namely,  as  wage  hands,  as 
share  croppers,  and  as  tenants. 

The  hiring  of  wage  hands  for  the  operation  of  the  largest  of  these 
farms  is  a  serious  task,  and  it  is  the  exceptional  rather  than  the  aver- 
age man  who  is  found  operating  a  large  farm  with  wage  hands  only. 
It  is  found  to  be  about  as  profitable  and  less  hazardous  to  engage  not 
only  wage  hands  but  also  share  croppers  and  tenants  in  operating 
some  of  the  larger  farms.  The  scarcity  of  efficient  labor  willing  to 
work  for  wages  is  the  controlling  factor  in  this  regard. 

Under  the  wage-hand  system  the  laborers  usually  live  on  the  farm 
and  receive  a  specified  cash  wage.  Rations  may  or  may  not  be 
furnished. 

The  share  cropper  usually  receives  one-half  of  the  crops  for  his 
labor  and  pays  one-half  of  the  fertilizer  and  ginning  expenses,  while 
the  operator  furnishes  all  the  capital,  pays  all  expenses  other  than 
those  paid  by  the  cropper,  and  has  full  supervision  of  the  business. 
Because  the  share  cropper  does  not  furnish  anything  but  labor  he 
bears  a  close  relation  to  the  wage  hand,  the  only  difference  being  that 
he  is  paid  a  share  of  the  crops  for  his  services  instead  of  cash  wages. 


Digitized  by 


Google 


12  BULLETIN  492,  U.  S.  DEPARTMENT  OP  AGRICULTURE. 

In  this  study  the  croppers'  share  of  crops,  less  the  expense  paid  bj 
them,  has  been  used  as  a  labor  expense.  The  operator  stands  so  modi 
risk  under  this  system  that  he  is  frequently  subject  to  heavy  Iosb 
unless  he  exei'cises  close  supervision.  This  share-cropper  system  is 
much  more  satisfactory  to  the  negro  than  the  wage  system,  not  only 
because  it  gives  him  self-interest  but  because  it  also  gives  oppor- 
tunity for  the  employment  of  his  entire  family.  The  more  energtic 
and  determined  of  these  share  croppers  are  soon  able,  by  saving  thdr 
money,  to  purchase  a  mule  and  machinery  and  become  tenants. 

In  case  of  the  tenant  system  the  tenant  furnishes  all  the  working 
capital,  and  the  landlord  exercises  very  little  supervision.  His  only 
concern  is  that  the  tenant  raise  enough  cotton  to  pay  the  rent.  This 
system  of  renting  out  a  part  of  the  farm  and  giving  the  tenant  full 
control  of  its  operation  often  does  not  work  to  the  best  welfare  of  the 
tenant.  Many  of  these  men  will  work  regularly  and  efficiently  only 
when  directly  under  the  supervision  and  control  of  the  farm  operator. 
Unless  the  tenant  is  proficient  and  uses  good  methods  of  manage- 
ment both  in  raising  crops  and  in  supervising  labor,  he  is  soon  forced 
out  of  business  and  then  necessarily  has  to  start  again  as  a  wage 
hand  and  work  up  to  the  tenant  stage.  Where  they  realize  and  gra^ 
the  vast  opportunities  awaiting  them  these  farmers  are  soon  aUe 
to  get  enough  money  together  to  be  fairly  independent,  but  only  t 
small  percentage  of  them  have  the  ability  to  operate  farms  upon 
their  own  responsibility  and  make  a  real  success  at  the  business. 

Included  in  this  study  were  17  farms  or  plantations  which  were 
operated  by  managers  hired  to  assume  entire  management  and  direc- 
tion of  the  farm  operations,  just  as  the  owner  would.  Eleven  of 
these  farms  were  in  the  white-owner,  three  in  the  white-owner-addi- 
tional, and  three  in  the  white-owner-with-part-rented-out  class.  One 
of  these  manager  farms  had  135^  acres  of  crops,  four  had  from  2ol 
to  450  acres  of  crops,  and  the  rest  had  over  450  acres  in  crops.  Whoi 
the  salary  of  the  manager  is  carried  as  operator's  labor  these  farms 
are  entirely  comparable  with  other  farms  of  the  same  tenure  and  siae 
and  have  been  included  with  them  in  all  tables  and  discussions  which 
follow. 

In  this  area  both  white  and  colored  operators  are  found  under  each 
form  of  tenure,  but  they  have  been  shown  separately  in  the  tables 
and  so  treated  in  the  discussion  throughout  this  bulletin. 

TENURE  AND  SIZE  OF  FARBL 

Of  the  total  number  of  farms  included  in  this  study  31T  were 
operated  by  white  and  217  by  colored  farmers.  Out  of  the  317  while 
farmers  50  per  cent  were  straight  owners,  12  per  cent  owners  renting 
additional  land,  22  per  cent  owners  renting  out  a  part  of  their  land. 
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and  16  per  cent  tenants.  Of  the  colored  farmers  86  per  cent  were 
tenants,  6  per  cent  owners,  5  per  cent  owners  renting  additional  land, 
and  3  per  cent  owners  renting  out  a  part  of  their  farming  land.  (See 
Table  II.) 

One-sixth  of  the  farms  operated  by  white  owners  contained  less 
than  50  acres  of  tilled  land,  one-half  of  them  between  51  and  150 
acres,  and  about  one-third  over  150  acres.  About  1  out  of  every  15 
of  these  farms  contained  over  450  acres  of  tilled  land. 

There  were  38  farms  operated  by  white  owners  additional,  and  21, 
or  more  than  one-half  of  them,  had  not  over  100  acres  of  crops. 
However,  about  one-fifth  of  them  had  over  450  acres  of  crops,  or  a 
considerably  higher  proportion  than-of  the  owners. 

The  white-owner  farms  with  part  of  the  land  rented  out  were  the 
largest  farms  found  in  this  area.  Only  about  one-fifth  of  these  farms 
have  less  than  100  acres  of  crops,  nearly  half  of  them  over  250  acres, 
and  about  one-fourth  over  450  acres. 

Two-thirds  of  the  white  tenants  had  less  than  100  acres  of  crops 
and  only  about  one- tenth  of  them  had  over  150  acres..  The  largest 
farm  of  this  tenure  contained  323  acres  of  crops. 

Table  II. — Relation  of  ten/ure  to  aize  of  farm  {5SJ^  farms,  Sumter  County,  Oa.), 


Number  of  farms  under  each  specified  area  group. 

Tenon. 

60  acres 
and 
less. 

51  to 

100 

acres. 

101  to 

150 
acres. 

151  to 

250 
acres. 

251  to 

450 
acres. 

Over 

450 

acres. 

Total. 

WbHe: 

Owners. 

25 
6 
5 

17 

1 
2 

41 
15 
8 
17 

7 
6 

40 
4 

12 
10 

3 
2 
1 

18 

31 
3 

13 
3 

1 
1 
3 

4 

12 
3 

15 
2 

11 

7 
17 

160 

Owners,  additional 

38 

Owners,  with  part  rented  out 

70 

Tenants r . , ^  ^ . . . . ,  ^ . , 

49 

Coland: 

OWnert.  .  .  .  t  ,  r r  -  ,  -  ^  r 

12 

Owners,  additional 

11 

Owners,  with  part  rented  out 

3 

1 

8 

Tenant-** . .  -,,,,,,.  ^ ,  ^ 

96 

68 

136 

There  were  but  12  colored-owner  farms,  and  only  1  of  these  had 
over  150  tilled  acres.  These  are  comparatively  small  farms,  two- 
thirds  of  them  having  less  than  100  acres  of  crops. 

The  11  farms  of  the  colored-owners-additional  class  were  dis- 
tributed as  to  size  practically  the  same  as  those  of  the  colored  owners. 
All  the  farms  operated  by  colored  owners  with  part  of  their  land 
rented  out  had  more  than  100  acres  of  tilled  land  and  one-half  had 
over  250  acres 
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The  colored  tenants  operate  smaller  farms  than  those  of  any  other 
tenure.  Ninety-six,  or  more  than  one-half  of  them,  had  less  thin 
50  acres  of  tilled  land.  Eighty-eight  per  cent  of  these  tenants  fanned 
less  than  100  acres  and  only  4  f armS  were  found  with  over  150  icre 
of  tilled  land. 

RELATION  OF  TENURE  TO  DISTRIBUTION  OF  INVESTMSNT. 

In  Table  III  is  shown  the  distribution  of  the  farm  investment  oc 
farms  operated  under  different  forms  of  tenure.  Land,  buildings, 
live  stock,  machinery,  feed  and  supplies,  and  cash  represent  the  capital 
invested  in  the  farming  t)usiness. 

The  investment  in  land  constitutes  the  greater  part  of  the  farm 
capital.  The  second  item  of  investment  of  importance  is  the  build- 
ings. On  the  owner  farms  the  house  occupied  by  the  operator  is 
ordinarily  a  neat,  well-built  structure,  but  the  tenants'  houses  are 
usually  small  and  in  many  cases  cheaply  constructed  and  not  kept  in 
good  repair.  The  cotton  system  of  farming  necessitates  the  snpport 
of  a  great  amount  of  labor  by  each  farm,  making  the  investment  ii 
tenant  houses  a  considerable  item.  The  other  farm  buildings  are 
of  comparatively  cheap  construction  and  represent  only  a  sm«ll 
share  of  the  total  investment.  Outside  of  the  owners  renting  adt 
tional  land,  the  investment  in  land  and  buildings  constitutes  over  80 
per  cent  of  the  total  farm  capital. 

The  item  of  investment  third  in  importance  in  this  area  is  tlai 
of  work  stock,  which  consists  mostly  of  mules.  This  item's  pe- 
centage  of  the  total  capital  shows  marked  uniformity  on  both  ownff 
and  tenant  farms.  The  live-stock  enterprise  in  this  area,  outddeoi 
the  horses  and  mules  necessary  for  farm  work,  is  a  very  small  itaa 
The  investment  in  other  live  stock  represents  the  value  of  cows,  bop. 
and  poultry,  and  is  less  than  2, per  cent  of  the  farm  investment  a 
all  but  one  class  of  tenure.  With  the  exception  of  three  or  io^ 
farms  practically  all  the  products  from  these  three  classes  of  11^ 
stock  are  used  on  the  farm. 

The  investment  in  machinery  represents  only  a  small  i>ortionof 
total  capital,  since  comparatively  few  expensive  labor-saving  mt 
chines  are  used.  A  large  percentage  of  the  farms  use  one-lwrs 
machinery  in  nearly  all  farm  operations,  which  tends  to  bring  tbf 
machinery  investment  to  the  minimum  per  farm.  The  peroentir 
of  investment  in  machinery  runs  more  evenly  on  the  white  than  « 
the  colored  operator  farms.  Undoubtedly  the  large  factor  od«? 
than  that  of  type  in  limiting  the  use  of  labor-saving  machinery  bff 
is  the  fact  that  it  can  not  compete  with  hand  labor  at  the  preseJi 
cost  in  this  region.* 


»  U.  S.  Dept.  of  Agr.  Bulletin  338,  Machinery  Costs  of  Farm  Operations. 
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Table  III — Relation  of  tenure  to  distribution  of  investment  {5S4  farms,  Sumter 

County,  Oa,), 


"WTiIte. 

Colored. 

DistribotioD  of  invwtment. 

Owners, 
addi- 
tional.© 

Owners, 

part 

rraied 

out* 

Tenants 

(fonn 

ba6is).e 

Owners. 

Owners, 

addl- 

tionaLo 

'Owners, 

part 

r£ted 

out.^ 

Tenants 
(farm 
basi8).e 

>T^TFT*I>4'  of  brms r 

160 
$13,773 

38 
$10,621 

70 

$26,883 

49 
$6,686 

12 
$6,984 

11 
$3,043 

8 
$16,998 

186 

ToUl  capital  per  fann 

$3,210 

Percent  of  total  investment  in: 
Tap4 

66.1 
6.8 
4.8 
4.3 

63.7 
6.9 
7.3 
6.1 

71.6 
4.6 
6.8 
4.3 

68.8 
7.8 
4.0 
3.3 

72.4 
6.8 
3.9 
2.7 

63.3 
3.6 
1.2 
1.9 

75.0 
6.9 
3.8 
6.9 

77.0 

Houses 

Tenant  hmi9e« 

5.7 

othfT  >^indfng" 

2.0 

Total  land  and  build- 

hlM 

81.0 

73.0 

86.2 

4  83.9 

84.8 

70.0 

90.6 

<<84.7 

Work  Stock 

7.3 
1.3 
2.8 
6.0 
2.6 

10.1 
1.3 
2.8 
6.7 
6.1 

5.5 
.7 
2.0 
3.6 
2.0 

7.4 
1.6 
2.4 
4.1 
.6 

6.H 
1.3 
2.2 
4.2 

.7 

14.4 
3.1 
3.4 
6.8 
2.3 

6.3 

.6 

1.3 

2.0 

.3 

7.4 

Other  live  stock. 

1.4 

Mnchinfry , . 

2.0 

Feed  and'suppUes 

3.9 

Ciish r." 

.4 

«  Does  not  Include  Investment  In  rented  land. 
^  Includes  the  Investment  in  land  rented  out. 
«  Landlord's  and  tenant's  Investment  combined. 
'Landlord's  share  of  investment. 

The  investment  in  feed  and  supplies  represents  the  inventory 
value  of  the  feed  and  other  supplies  that  were  on  hand  at  the  begin- 
ning of  the  farm  year.  The  item  which  makes  the  feed  supplies 
investment  seemingly  of  such  importance  is  that  for  cotton  seed, 
which  some  of  the  farmers  each  year  hold  over  in  abundance  and 
use  during  the  late  spring  for  feed,  seed,  and  fertilizing  purposes. 

Where  farmers  had  cash  of  their  own  to  run  their  farms  during 
the  year  this  item  was  carried  as  a  part  of  the  farm  investment. 
Many  of  these  farmers  borrow  all  or  a  part  of  the  money  for  the 
payment  of  their  yearly  expenses.  The  uneven  distribution  of  the 
portion  of  the  investment  represented  by  this  item  is  mostly  explained 
by  the  fact  that  more  money  was  borrowed  for  the  payment  of 
yearly  operating  expenses  under  some  forms  of  tenure  than  under 
others.  A  much  higher  percentage  of  the  white  tenants  and  of  all 
colored  farmers  borrow  money  for  current  operating  expenses. 

The  farms  operated  by  colored  farmers  show  a  higher  percentage 
of  total  iQvestment  in  land  and  lower  in  buildings  than  do  the  farms 
of  white  operators  of  the  same  tenure  group. 

The  owners  with  additional  rented  land  had  a  lower  percentage  of 
the  total  investment  in  land  and  a  higher  percentage  in  work  stock 
than  the  men  operating  straight  owner  propositions.  This  additional 
investment  in  work  stock  is  necessary  in  order  to  operate  the  extra 
land  rented.  In  case  of  the  owner  with  a  part  of  his  land  rented  out 
the  proposition  is  exactly  the  reverse.  His  additional  investment  in 
land  not  operated  by  labor  or  equipment  furnished  by  him  will 
reduce  his  percentage  investment  in  work  stock. 
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RELATION  OF  TENURE  TO  PROFITS. 

The  "farm  income"  is  the  difference  between  receipts  and  ex- 
penses; in  other  words,  it  represents  the  combined  earnings  of  the 
capital  and  the  operator's  labor.  The  "labor  income"  represents 
the  amount  the  farmer  has  left  for  his  year's  labor  after  deducting 
from  the  farm  income  5  per  cent  interest  on  the  capital  invested.  In 
addition  to  the  farm  income,  each  of  these  farmers  has  the  benefit 
of  house  rent,  wood  for  fuel,  and  what  the  farm  furnishes  toward  the 
family  living. 

A  serious  defect  in  the  system  of  farming  followed  by  many  farm- 
ers in  this  region  is  lack  of  attention  to  the  production  of  home 
supplies.  Failure  to  grow  adequate  forage  and  garden  produce  is, 
in  general,  a  serious  impediment  to  the  advancement  of  an  agri- 
cultural region.  The  long  growing  season  gives  these  farmers  almost 
unlimited  opportunity  for  growing  these  products.  The  prosperity 
of  the  average  farmer,  especially  the  farmer  with  small  means,  de- 
pends in  great  measure  upon  the  interest  he  takes  in  growing  aninial 
products,  grains,  fruit,  truck,  and  garden  vegetables  for  family  use.* 

In  Table  IV  is  given  a  comparison  of  the  average  tilled  area,  ci^i- 
tal,  receipts,  expeiises,  farm  income,  and  labor  income  for  the  dif- 
ferent tenure  groups.^ 

^  In  an  investigation  made  by  the  Office  of  Farm  Management  as  to  What  the  farm 
contributes  directly  toward  the  family  living  In  Troup  and  Meriwether  Comities,  Ga. 
(IT.  S.  Dept.  of  Aprlculture.  Farmers'  Bulletin  636),  the  reports  from  60  ttama  indicated 
that  the  average  annual  value  of  food,  fuel,  and  house  rent  furnished  by  the  home  farm 
was  $510.03  per  fnmlly.  Of  this  amount,  $376.03  was  for  food  products,  such  as  meat, 
eggs,  dairy  products,  grains,  fruit,  and  vegetables.  The  value  of  these  food  products  fur- 
nished by  the  farm  represented  78.3  per  cent  of  the  total  food  expenses  of  these  fSmilies. 
The  annual  value  of  fuel  furnished  by  the  farm  was  $61.60,  and  house  rent  amounted  to 
$92.  In  carrying  this  study  a  little  farther  we  find  that  the  annual  value  of  food,  fuel, 
and  house  rent  furnished  by  those  farms  was  $96.26  per  person.  Of  this  amount,  $69.25 
was  for  food,  $0.r>6  for  fuel,  and  $17.04  for  rent.  While  there  is  a  wide  variation  In  the 
standard  of  living  among  farmers  in  Sumter  County,  the  above  figures  are  of  interest  as 
indicaUng  the  value  of  the  products  the  farm  will  afford  without  much  cash  expenditure 
in  production.  It  can  readily  be  soon  from  these  figures  that  if  It  were  not  for  those 
products  contributed  by  the  farm  without  much  actual  cash  expenditure  a  great  many 
farmers  would  not  realize  any  savings  from  their  labor  income.  In  order  to  make  the 
farmer's  Income  comparable  to  the  city  man's  wages  the  value  of  the  above  items  should 
be  added  to  the  labor  Income. 

«  The  interest  rate  here  used  is  uniform  with  tliat  used  in  aU  of  the  publications  of  the 
Office  of  Farm  Management  relating  to  farm-management  survejrs.  However,  after  a 
study  of  the  mortgage  rates  of  interest  paid  In  this  area  they  are  found  to  be  7.7  per  cent 
upon  farms  of  150  or  less  tilled  acres  and  6.6  per  cent  upon  farms  of  over  160  tilled 
acres.  The  average  for  all  farms  is  6.8  per  cent.  It  may  therefore  be  of  interest  In 
connection  with  this  study  to  show  what  the  labor  income  of  the  farms  operated  under 
different  tenures  would  be  If  a  rate  of  7  per  cent  interest  on  the  investment  were  deducted 
from  the  farm  income  instead  of  6  per  cent.  Based  upon  a  7  per  cent  rate,  the  labor 
incomes  are  as  follows : 

White  operators. — Owners,  $677 ;  owners  additional,  $1,062 ;  owners  with  part  rented 
out,  $666;  tenants,  $529.  Colored  operators. — Owners,  $268;  ownsrt  additional,  $478; 
owners  with  part  rented  out,  $176 ;  tanants,  $802. 
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Table  IV. — Area,  capital,  receipts,  expenses,  atid  itwome  on  farms  of  different 
tenures,    Sumter  County,  Oa, 


Number 
of  farms. 

TUled 
area. 

Coital. 

$13,773 

10,521 

26,883 

890 

5,064 

3,043 

15,008 

401 

Receipts. 

Ex- 
penses. 

Fam^       Labor 
income,     income. 

White; 

Owners 

160 
38 
70 
49 

12 

11 

8 

186 

AcreM. 

158 

168 

304 

85 

95 

77 

307 

50 

$4,007 
4,504 
6,400 
1,572 

1,650 

1,646 

3,107 

902 

$2,555 

2  796 

8,963 

980 

077 

955 

1,813 

566 

$1,512 

1798 

2,437 

502 

682 

601 

1,205 

336 

$858 

Owners  addttknal 

1  272 

Owners  part  rented  out 

Tenants 

1,098 
547 

Colored: 

Owners 

383 

Owners  additional 

530 

Owners  part  rented  out 

TeiMnts ..    , , 

405 
312 

The  160  farms  operated  by  white  owners,  having  an  average  of 
158  acres  of  tilled  land  and  with  an  investment  of  $13,773,  returned 
an  average  farm  income  of  $1,542.  Deducting  interest  on  invest- 
ment the  owners  have  left,  on  the  average,  $853  as  labor  income.  De- 
ducting from  the  farm  income  the  value  of  the  farmer's  labor,  these 
farms  show  a  return  of  8  per  cent  on  investment. 

There  were  88  farms  operated  by  white  owners  renting  additional 
land.  On  the  average  these  men  operated  168  acres  of  tilled  land, 
but  owing  to  30  per  cent  of  the  farm  area  being  rented,  the  average 
investment  of  these  men  was  lower  than  that  of  the  160  owners.  The 
average  investment  on  these  farms  was  $10,521,  with  a  farm  income 
of  $1,798  and  a  labor  income  of  $1,272.  These  men  realized  12.6  per 
cent  upon  capital  invested. 

The  70  farms  operated  by  white  owners  renting  a  part  of  their 
fanning  land  out  were  the  largest  farms  found  in  this  study.  These 
farms  averaged  394  tilled  acres,  of  which  41  per  cent  was  rented  out. 
The  investment  averaged  $26,883,  labor  income  $1,093,  and  interest 
on  investment  7  per  cent. 

Forty-nine  of  the  farms  were  operated  by  white  tenants.  These 
farms  averaged  85  acres  of  tilled  land,  and  witfi  an  average  of 
^890  capital  they  returned  a  farm  income  of  $592  and  a  labor  income 
3f  $547.  Several  white  tenants  were  found  in  this  area  who  owned 
small  farms,  but  who,  in  order  to  do  a  larger  business,  had  leased 
;heir  own  farms  and  were  operating  large  rented  farms. 

It  will  be  noted  from  Table  IV  that  in  all  classes  of  tenure  the 
■arms  operated  by  colored  farmers  are  smaller  than  those  operated 
>y  white  farmers  of  the  same  tenure. 

Thirty-one  of  the  farms  were  owned  by  colored  farmers.  Of  this 
lumber  12  were  operated  as  owner  farms,  with  an  average  size  of  95 
illed  acres;  average  investment  was  $5,984;  farm  income,  $682;  and 
abor  income,  $383.    Eleven  of  the  farms  owned  by  colored  farmers 
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were  operated  with  additional  land  rented.  These  farms  averaged  77 
tilled  acres,  of  which  26  per  cent  was  rented  additional.  They  had 
an  average  capital  of  $8,043,  a  farm  income  of  $691,  and  a  labor 
income  of  $539. 

The  remaining  8  farms  owned  by  colored  farmers  were  operated 
as  owners  renting  out  part  of  their  land.  These  farms  averaged  307 
acres  of  tilled  land,  of  which  45  per  cent  was  rented  out.  The  average 
capital  invested  was  $15,998,  which  returned  them  a  farm  income  of 
$1,295  and  a  labor  income  of  $495.  ^ 

The  186  colored  tenants,  as  previously  stated,  were  operators  re- 
sponsible for  the  entire  operation  of  the  farm.  They  fanned  on  the 
average  59  acres,  and  with  $491  capital  realized  a  farm  income  of 
$336  and  a  labor  income  of  $312.  It  is  doubtful  whether,  on  the 
average,  these  men  make  any  higher  profits  than  the  share  croppers, 
as  under  the-  share-cropper  system  the  profits  of  the  land  owner  are 
dependent  upon  the  quality  of  the  crops  grown  by  the  cropper.  The 
most  desirable  feature  of  the  tenant  system,  from  the  standpoint  of 
the  tenant,  is  that  in  the  main  he  is  emancipated  from  the  directing 
authority  of  the  landlord  and  thus  has  more  liberty  than  the  share 
cropper  to  do  as  he  likes. 

THE  FAMILY  INCOME. 

The  family  income  is  the  amount  of  money  available  for  the  family 
living  and  the  payment  of  interest  on  indebtedness  after  deducting 
cash  expenses  from  total  receipts.  For  the  operators  of  small  farms, 
and  especially  for  most  of  the  colored  operators,  this  is  the  income  of 
most  concern  to  the  family  welfare. 

The  value  of  family  labor  per  farm  for  the  268  white-owner  farms 
was  $43.  This,  when  added  to  the  farm  income  of  $1,812,  is  of  little 
concern  to  these  farmers  as  a  class.  Indeed,  many  of  these  farms 
reported  no  family  labor  except  that  done  by  the  operator. 

Thiity-one  of  these  farms,  operated  almost  entirely  by  the  fanner 
and  his  family,  had  on  the  average  36  acres  of  land  devoted  to  crops, 
of  which  16  acres  were  in  cotton,  14  in  com,  and  the  rest  in  other 
crops.  Their  average  investment  was  $3,000,  and  all  but  5  were  free 
from  mortgage.  The  families  averaged  5  in  number,  with  2  under 
16  years  of  age,  and  the  value  of  family  labor,  besides  that  performed 
by  the  operator,  averaged  $220.  With  the  aid  of  $28  wortii  of  extri 
labor  for  picking  cotton,  these  farmers  realized  an  average  family 
income  of  $551.  This  represents  the  amount  of  money  available  for 
the  payment  of  living  expenses,  interest  upon  mortgage,  and  for 
savings.  The  largest  families  received  the  highest  incomes.  Three 
of  these  farms  had  10  persons  or  more  per  family  and  made  a  family 
income  of  over  $800  each. 
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An  average  of  $65  worth  of  labor  was  performed  by  the  families 
on  the  white-tenant  farms.  The  average  family  income  was  $647. 
Twenty-one  of  the  49  white-tenant  farms  were  operated  by  the  tenant 
and  his  family.  These  farms  averaged  38  tilled  acres,  of  which  21 
acres  were  in  cotton,  13  in  com,  and  the  rest  in  other  crops.  The 
average  investment  was  $435.  Six  farms  reported  mortgages,  aver- 
aging $100.  The  family  labor  was  valued  at  $83,  and  with  the  aid  of 
$37  extra  labor  they  were  enabled  to  make  an  average  family  income 
of  $266  per  farm.  One-third  of  these  families  made  less  than  $200 
for  the  year.    Only  three  made  incomes  as  high  as  $400. 

The  average  value  of  family  labor  on  the  31  colored-owner  farms 
was  $198,  while  the  average  family  income  was  $1,041.  Ten  of  the 
colored-owner  farms  were  operated  almost  entirely  by  the  farm 
family.  These  averaged  69  tilled  acres,  with  41  acres  in  cotton,  20 
in  com,  and  8  in  other  crops.  Investment  averaged  $3,500.  Six 
farms  out  of  the  10  were  mortgaged.  The  family  averaged  8,  with 
3  under  16  years  of  age,  and  the  family  labor  was  valued  at  $255. 
They  hired  $34  worth  of  additional  labor.  The  family  income  was 
$853.  Two  of  these  families,  each  with  11  members,  made  over 
$1,000  each.  Families  averaging  3  or  fewer  made  but  little  over  $300. 
The  value  of  family  labor  per  farm  for  the  colored  tenants  was 
$168,  and  the  average  size  of  the  family  was  5.  The  family  income 
on  these  farms  was  $504.  In  140  out  of  the  186  tenant  farms  almost 
all  the  labor  was  performed  by  the  negro  family.  These  tenant 
farms  averaged  47  tilled  acres,  with  30  acres  in  cotton,  13  acres  in 
com,  and  4  acres  in  other  crops.  Average  value  of  working  capital 
was  $366.  One-half  of  these  farmers  reported  mortgages  to  the 
amount  of  two-thirds  of  their  capital.  Families  averaged  6,  family 
labor  $159,  and  family  income  $421.  One-third  of  these  family 
farms  reported  8  persons  or  more  per  family  and  an  average  family 
income  of  $561. 

Besides  the  income  that  these  families  are  receiving,  they  have, 
as  pointed  out  above,  the  meat  and  other  animal  products,  fruits 
and  vegetables,  house  rent,  and  fuel  that  are  furnished  by  the  farm. 
The  value  of  these  items  that  the  farm  furnish  varies  considerably, 
according  to  the  standard  of  living  each  family  maintains.  From 
this  study  it  is  evident  that  this  standard  is  much  higher  in  some 
cases  than  in  others.  For  example,  the  31  white-owner  families 
tievoted  an  average  of  20  acres  to  the  growing  of  com,  small  grains, 
potatoes,  and  other  crops  for  farm  and  home  use.  One-half  of  these 
families  raised  and  sold  an  average  of  $50  worth  of  such  products 
over  and  above  that  needed  for  farm  and  home  use.  These  farms 
reported  the  sale  of  such  items  as  com,  oats,  cowpea  seed,  peanuts, 
sweet  potatoes,  cane  sirup,  fruit,  and  garden  products.    Seven  re- 
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poi-ted  the  sale  of  meat  above  that  needed  for  home  use,  10  sold  eggs, 
and  7  sold  butter  or  other  milk  products.  When  we  consider  that 
these  families  have  an  abundance  of  these  products  for  home  use, 
besides  house  rent  and  fuel,  the  family  income  of  $551  they  receive 
means  nmch  more  than  that  sum  earned  by  a  city  day  laborer  means 
to  his  family. 

The  white  tenants  used  17  acres  for  the  growing  of  crops  for  home 
and  farm  use.  Of  these  family  farms,  over  60  per  cent  sold  crops 
besides  cotton,  including  corn,  sweet  potatoes,  Irish  potatoes,  peanuts, 
sirup,  oats,  watermelons,  and  garden  vegetables,  but  the  sales 
amounted  to  only  $27  per  farm  reporting. 

The  colored  owners  used  an  average  of  28  acres  in  growing  crops 
for  farm  and  home  use.  Only  two  reported  sales  from  crops  other 
than  cotton,  and  this  sale  was  for  sirup  and  amounted  to  only  $5 
in  each  case.    Two  families  sold  eggs  to  the  amount  of  $5  each. 

The  colored  tenants  used  17  acres  for  growing  com  and  other  crops 
for  farm  and  home  use,  but  the  yields  most  of  these  men  received 
were  very  low.  Of  the  140  colored  tenant  family  farms,  50  re- 
ported sales  from  crops  other  than  cotton,  but  on  20  of  the  farms 
returns  from  these  sales  were  less  than  $10.  The  average  was  $31 
per  farm  reporting,  the  sales  being  mostly  of  watermelons,  sirup, 
and  sweet  potatoes,  with  an  occasional  sale  of  com,  cowpeas,  and 
other  miscellaneous  crops.  It  was  observed  during  this  study  that 
many  of  the  tenants  evinced  no  pride  whatever  in  keeping  the  house 
and  surroundings  neat  and  attractive.  Few  had  a  well-kept  garden. 
Twenty-one  of  these  family  farms  did  not  raise  pork  for  home  use. 
Land  is  always  available  for  truck  gardens,  and  it  would  be  an  easy 
matter  for  these  tenants  to  raise  most  of  their  food  products  if  they 
had  the  inclination,  but  it  often  happens  that  this  land  is  either  de- 
voted to  cotton  and  corn  or  left  idle.  The  family  income  of  these  ten- 
ants is  indeed  very  good.  Where  a  tenant  and  his  family  with  this 
small  amount  of  capital  can  make  $421  for  their  year's  work,  besides 
house  rent  and  fuel  and  farm  products,  they  are  doing  exceedingly 
well.  But  the  part  of  this  income  these  men  should  be  able  to  save 
will  be  determined  largely  by  the  advantage  they  take  of  the  oppor- 
tunity of  raising  home  products  for  family  use.  As  the  case  is  now, 
many  farmers  do  a  regular  business  of  selling  these  tenants  meat, 
grain  crops,  vegetables,  and  fruit. 

LANDLORDS'  PROFTTS. 

The  profits  of  the  landlords  in  this  region  vary  considerably  frcmi 
year  to  year.  With  but  two  exceptions,  the  landlords  rented  their 
farms  in  this  region  for  a  specified  amount  of  the  cott<m,  and  the 
profits  they  received  depended  directly  upon  the  price  they  received 
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for  the  cotton.  Ordinarily  the  rent  is  on  the  basis  of  the  number 
of  mules  necessary  in  operating  the  farm.  The  rent  ranges  from 
2  to  3  bales  per  mule. 

The  landlords  renting  to  white  tenants  had  an  average  inrestment 
of  $4,795  per  tenant,  and  made  a  profit  of  7.3  per  cent  One  land- 
lord rented  for  cash  and  received  5  per  cent  upon  his  investment. 

The  average  investment  of  the  landlords  renting  to  colored  ten- 
ants was  $2,719  per  tenant,  and  they  made  a  profit  of  8.9  per  cent. 
One  of  these  farms  was  rented  for  cash  and  returned  the  landlord 
4  per  cent. 

The  profits  that  landlords  realize  on  many  of  these  farms  are  not 
c<Mnparable  with  the  incomes  of  landlords  in  th^  Northern  States. 
More  or  less  supervision  is  given  maixy  of  these  tenants.  The  land- 
lord in  many  cases  gives  security  for  tenants'  credit  or  gives  orders 
on  stores  for  provisions  and  other  supplies,  settling  with  the  ten- 
ants when  the  cotton  is  sold.  Where  no  supervision  is  exercised  by 
the  landlord,  the  land  worked  by  many  of  these  tenants  becomes 
more  or  less  impoverished. 

THE  RELATION  OF  TENURE  TO  FARM  LOANS  AND  INTEREST  RATES. 

It  is  an  old  and  well-establi^ed  custom  in  this  region  for  farmers 
.  to  borrow  money  for  carrying  on  their  business  during  the  year. 
There  are  many  ways  of  handling  this  loan,  but  the  method  quite 
generally  used  is  that  in  which  the  farmer  goes  to  the  bank  at  the 
beginning  of  the  year,  places  his  order  for  the  season's  loan,  and 
draws  it  out  as  needed.  This  yearly  loan  is  considered  entirely  sepa- 
rate from  the  mortgage  loan  which  some  of  them  carry.  The  mort- 
gage loan  refers  to  real  estate  indebtedness  or  to  debts  carried  over 
from  previous  years.  In  Table  V  is  shown  the  average  amount  of 
yearly  loan  and  interest  rates  paid  on  farms  operated  under  different 
forms  of  tenure. 

Out  of  the  268  white  owners,  60  per  cent  reported  borrowing 
money  for  carrying  on  their  year's  businesa  They  borrowed  on  the 
average  $940  each,  at  an  average  rate  of  7  per  cent.  The  men  on 
farms  of  150  or  fewer  tilled  acres  were  paying  7.8  per  cent,  while  the 
men  on  the  larger  farms  paid  6.8  per  cent.  Undoubtedly  the  higher 
interest  rates  paid  on  the  small  farms  were  largely  due  to  the  small 
amounts  borrowed.  The  men  on  the  smaller  farms  only  borrowed 
an  average  of  $286  per  year  to  meet  their  expenses,  while  the  larger 
farmers  borrowed  $1,635.  The  small  farmer  evidently  is  just  as  safe, 
as  only  33  per  cent  of  them  reported  a  farm  mortgage,  whereas  44 
per  cent  of  the  larger  farms  were  mortgaged.  On  the  average  the 
smaller  farms  had  a  mortgage  of  $1,488  and  paid  7.7  per  cent  in- 
terest. The  larger  farmers  borrowed  an  average  of  $8,623  and  paid 
6.6  per  cent  interest. 
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Of  the  white  tenants,  84  per  cent  borrowed  money  for  expense. 
These  men  borrowed  an  average  of  $309  per  year  and  paid  8.8  per 
cent  interest.  Over  one-fourth  (26  per  cent)  reported  mortgigo, 
averaging  $353,  with  interest  charges  averaging  9.1  per  cent  Tliis 
mortgage  represents  57  per  cent  of  the  total  capital  owned  by  these 
men.  The  amount  these  men  borrow  does  not  have  so  much  infliiena 
upon  the  interest  rate  they  pay  as  in  case  of  the  farm  owners.  Tie 
risk  is  much  greater  in  making  loans  to  men  who  own  no  real  estate. 

The  yearly  loan  was  practiced  by  94  per  cent  of  tiie  colond 
owners.  These  men  paid  somewhat  hi^er  rates  of  interest  than  the 
white  owners,  but  the  white  owners  borrowed  three  times  as  muci 
per  farm  as  did  Jbhe  colored  owners.  Of  the  latter,  those  in  tk 
smaller^ze  group  borrowed  $206  each  and  paid  10.3  per  cent 
while  on  the  larger  farms  they  borrowed  $596  each  and  paid  intoe^ 
at  the  rate  of  9.4  per  cent.  Data  regarding  the  farm  mortgages  of 
these  colored  owners  were  not  complete  enough  to  be  included  in 
this  table.  On  the  average  for  all  the  owner  farms  the  interest  rite 
is  about  1  per  cent  cheaper  on  the  larger  farms  than  on  the  farms  of 
the  smaller-size  group. 

All  but  6  of  the  colored  tenants  carried  their  yearly  farm  expenses 
on  borrowed  money.  In  many  cases  this  money  was  either  borrowed 
by  the  landlord  and  given  out  in  small  quantities  to  them  or  dse  be 
stood  good  for  their  loan.  They  borrowed  an  average  of  $153  ajwea 
and  paid  interest  at  the  rate  of  10.6  per  cent.  Data  were  not  cob- 
plete  regarding  the  number  of  these  tenants  carrying  a  mortgige 
on  their  working  capital,  but  for  those  reporting,  the  average  capitil 
was  $476,  the  mortgage  $284,  and  the  interest  rate  10.5  per  cMt 
Money  loaned  under  these  circumstances  involves  great  risk,  and  cod* 
sequently  the  interest  rate  is  correspondingly  high. 

Table   V. — Relation   of   tenure   to  farm   loans   and   interest   rates    (SwMer 

County y  Oa.). 


Farms  of  150  tflled  acres 
or  fewer  in  size. 

Farms  over  160  tilled 
acres  in  sise. 

^^ 

Tenure. 

Per 
cent  of 
farms 
re^t. 

Amomit 
of  loan. 

Inter- 
est 
rate. 

Per 
cent  of 
farms 
re^t. 

Amount 
of  loan. 

Inteiw 
est 
rate. 

Per 
oentof 
farms 

Amoaiit  ^ 

268  white-owner  farms: 

Yearly  loan 

Mortgage  loan 

49  white  tenants: 

Yearly  loan 

Mort^eloan 

31     colored     owners: 
Yearly  loan 

53 
33 

82 
27 

96 

97 

S286 
1,488 

228 
265 

206 

146 

Peret. 
7.8 
7.7 

8.0 
8.8 

10.3 

10  6 

70 
44 

100 

89 
76 

$1,636 
8;628 

890 

PereL 

a.8 

6w6 

8.7 

00 
38 

84 

» 

94 
W 

S      ^ 

606 
683 

9.4 
10.6 

m     u 

180    colored    tenants: 
Yearly  loan 

wj   » 

a  Only  one  tsrm  reporting. 
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THE  RELATION  OF  TENURE  AND  CAPITAL  TO  PROFITS. 

In  Table  VI  the  white  owners,  owners  additional,  and  tenants  are 
classified  into  groups  based  upon  the  amount  of  capital  invested 
and  showing  the  number  of  acres  tilled  and  labor  income  in  each 
group.  It  is  possible,  with  the  present  price  of  labor,  to  grow  cotton 
profitably  with  a  very  inexpensive  equipment,  and  hence  one  may 
begin  cotton  farming  with  a  small  amount  of  capital.  This  table 
shows  clearly  that  the  man  desiring  to  farm  with  a  small  amount 
of  capital  has  the  best  opportunity  as  a  tenant.  The  second  best  prop- 
osition is  that  of  owning  a  farm  and  renting  additional  land  for  rais- 
ing crops.  The  straight  owner  proposition  is  third.  The  reason  the 
owner  who  rents  additional  land  is  making  somewhat  higher  profits 
than  the  straight  owner  with  the  same  capital  is  that  he  is  able 
thereby  to  operate  a  greater  acreage  with  a  given  amount  of  capital. 
Unless  a  farmer  has  a  large  amount  of  capital  to  invest,  owning  land 
and  renting  out  a  part  of  it  is  not  desirable. 

Table  VI. — The  relation  of  tewure  and  capital  to  labor  income  on  2^7  farms 
operated  by  white  otoners,  owners  additional,  and  tenants,  Sumter  County, 
Oa. 


Oi>erator'8  capital. 


Average  number  of  tilled  acres  and  average  labor  income  in 
each  specified  tenure. 


Owners 
(160  farms). 


Tilled 
area. 


Labor 
income. 


Owners  additional 
(38  farms). 


Tffled 
area. 


Labor 
income. 


Tenants 
(49  farms). 


Tilled 


Labor 
income. 


S600  and  less 

i601totl.OOO 

Sl^l  to  12,000... 
S2,001  to  13,000... 
S3,001toS5,000... 
S6,001  to  10,000... 
10,001  to  $14,000.. 
tt4,001  to  125,000. 
aver$26/)00 


25 
45 
62 
94 
139 
177 
440 


130 


515 

736 

1,132 

2,293 


132 
264 


726 


250 
529 
717 
987 
964 
3,240 
3,948 


89 

70 

137 

250 

323 


170 
460 
928 

1,509 
2,726 


The  tenant  farmer  with  about  $1,000  capital  has  the  use  of  70  acres 
of  tilled  land,  and,  as  compared  with  the  hired  man's  wages  in  this 
region,  makes  a  very  good  labor  income.  In  order  to  operate  this 
much  land  as  an  owner  renting  additional  land,  which  the  data 
shows  is  the  second  best  proposition,  he  would  need  three  times  as 
much  capital.  To  operate  the  same  amount  of  land  as  a  straight 
owner  he  would  require  five  times  as  much  capital. 

The  tenant  operating  a  farm  business  representing  an  investment 
of  between  $1,000  and  $2,000  has  the  use  of  considerably  over  100 
acres  of  tilled  land,  while  in  order  to  operate  this  much  land  as  an 
owner  renting  additional  land  he  would  require  over  $5,000  capital, 
and  as  a  straight  owner  over  $9,000.  The  largest  farm  operated  by  a 
white  tenant  contained  323  tilled  acres.   With  $4,820  capital  this  man 
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received  a  labor  income  of  $2,725.  In  order  to  have  operated  a  firm 
of  this  size  as  an  owner  additional  he  would  have  needed  $21^ 
capital  and  as  a  straight  owner  over  $25,000.^ 

The  relation  of  capital  to  profit  indicated  in  Table  YI  holds  true  io 
other  regions  where  studies  of  this  nature  have  been  carried  on.  The 
men  with  the  most  capital  are,  as  a  rule,  making  the  hi^est  Itbor 
incomes.  This,  however,  does  not  mean  that  all  the  men  with  a  Urp 
amount  of  capital  are  making  large  labor  incomes.  More  capiul 
gives  additional  chances  for  a  larger  volume  of  business,  bnt  unless 
the  quality  and  efficiency  of  this  business  is  up  to  the  normal,  the  kss 
business  a  man  does  the  less  he  is  liable  to  lose. 


CROPS  RAISED 

PERCENTAGE  OF  TOTAL  TILLED  AREA 
IO               20              30               40              50 

COTTON 

CORN 

OATS 

WHEAT  &  RYE 

COWPEA  HAY&8EU> 

OTHER  HAY  &FORAGE 
PEANUTS 
dORGHUM 
SUGAR  CANE 
SWEET  POTATOES 
WATERHELONS 
GARDEN  6i  TRUCK 
FRUIT  8i  NUTS 

1 

■ 
■ 

Pio.  4. — Proportion  of  tilled  area  devoted  to  different  crops  (160  white-owner  fti» 

Sumter  County,  Oa.). 

RELATION  OF  TENURE  TO  DISTRIBUTION  OF  CROP  AREA. 

The  long  growing  season,  together  with  other  favorable  condititf^ 
enables  the  farmers  of  this  area  to  grow  a  large  variety  of  crops  a»^ 
in  many  cases  to  use  the  land  for  more  than  one  crop  during  the  f^ 
The  length  of  the  growing  season  for  the  year  1913  was  207  di^ 
The  crops  are  raised  under  the  wage-hand  and  share-cropper  system 
of  handling  labor.    Under  the  wage-hand  system  all  the  labor  is  p^ 

1  The  tenant  Is  at  a  disadvantage  If  farming  In  a  region  where  the  land  Is  IncretiiB  ^ 
▼alue.  If  the  land  is  increasing  or  likely  to  increase  in  value  a  tenant  would  be  "^ 
off  to  invest  what  capital  he  is  able  to  secure  in  land,  even  though  the  slae  of  his  !««*** 
and  profits  are  lower  than  as  a  tenant.  In  computing  the  labor  income  the  iBCi«<»  ^ 
land  value  Is  not  taken  into  consideration. 
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formed  by  wage  hands.  Under  the  share-cropper  system  a  share  of 
the  crops  is  given  for  the  labor,  while  the  operator  furnishes  the  land, 
equipment,  work  stock,  pays  part  of  the  expenses,  and  supervises  the 
work. 

Table  VII  shows  for  each  class  of  tenure  the  percentage  of^  crop 
land  devoted  to  each  crop  when  grown  as  a  first  crop  and  as  a  second 
crop.  The  accompanying  chart  (fig.  4)  presents  graphically  the  per- 
centage distribution  of  crop  area  on  the  160  white-owner  farms. 
Under  the  present  organization  of  these  farms  cotton  is  the  crop  of 
far  greatest  importance.  It  is  well  adapted  to  this  region  and  does 
well  on  both  clay  and  sandy  soils.  It  occupies  59  per  cent  of  the 
crop  area  of  the  region.  This  crop  is  handled  by  both  wage  and 
share  croppers,  but  the  proportion  of  the  cotton  area  operated  under 
these  two  systems  varies  under  the  different  classes  of  tenure.  In 
case  of  the  colored  ownetB  and  colored  tenants  a  very  small  propor- 
ticm  of  the  area  is  farmed  under  the  share-cropper  system.  The 
three  classes  of  white  owners  have  about  57  per  cent  of  their  crop 
area  devoted  to  cotton,  while  the  white  tenants  have  over  63  per  cent. 
Both  colored  owners  and  colored  tenants  have  a  higher  percentage  of 
their  crop  area  in  cotton  than  do  the  white  operators. 

Table  VII. — Relation  of  temtre  to  distribution  of  crop  area  (584  farms,  Sumter 

County,  Ga.). 


Owners. 
160 

White  operators. 

Colored  operators. 

Crops. 

Owners, 
addi- 
tional. 

Owners, 
part 

rented 
out. 

Tenants. 

Owners. 

Owners, 
addi- 
tional. 

Owners, 
part 

rented 
out. 

Tenants. 

N'unii?*'  of  fyrm^ 

38 

70 

49 

12 

11 

8 

186 

Wage  cotton 

21.7 
34.9 

22.4 
35.0 

23.8 
83.1 

40.5 
22.8 

52.0 
7.8 

46.0 
17.5 

29.0 
33.1 

58.2 

81iai«H!iopper  cotton 

7.3 

Total  eottoo 

66.6 

57.4 

56.9 

63.3 

59.8 

63.5 

62.1 

65.5 

Wan  corn 

15 
13.5 

16.7 
13.5 

15.1 
11.3 

20.4 
5.9 

26.1 
4.3 

•21.4 

4.8 

13.7 
17.3 

24  5 

Share  cropper  corn 

2.4 

Total  corn 

28.5 

30.2 

26.4 

26.3 

30.4 

26.2 

31.0 

26.9 

Oats  for  grain 

9.4 

.4 

.6 

12.3 

1.1 
.7 

1.3 

1.3 
.3 
.3 
.4 
.3 
.7 
.1 

14.3 

7.5 
.3 
.4 
10.5 
1.2 
1.0 
1.1 
1.2 
.3 
.3 
.4 
.1 
.7 
.1 

12.7 

10.2 

.5 

2.0 

7.7 

1.2 

.9 

.9 

.4 

.3 

.2 

.3 

.1 

1.0 

9.0 

5.4 

.1 

.3 

8.8 

1.6 

1.6 

1.3 

•6 

.2 

.2 

.5 

.1 

.7 

(«) 

10.3 

4.0 
.3 

"I. 

2.9 
2.4 

lio 

4.2 

2.2 

2.7 

Wheat  and  rye 

'"  « 

Cowpea  hay  and  seed ... . 
Seoood  orcH>. ......... 

1.7 

9.7 

.9 

11.4 
3.2 
.7 
.3 
.4 
.1 
.2 
.6 
.1 
.3 

5  7 

Other  hay  and  forage 

2.0 

.8 

Peftmifts-    

1.1 

4 

80f2hn|i| , 

.1 
.7 
.6 
.4 
.6 

2 

8ug^  Rftne. .............. 

.4 

Sweet  potatoes 

5 

Watermekms 

.3 

Garden,  truck,  etc 

Fruits  and  nuis 

.5 

potal  per  cent  of  crop  area 
used  for  second  orqp 

15.8 

9.7 

12.5 

6.5 

65861°- 


a  Less  than  one-tenth  of  1  per  cent. 
-Bull.  492—17 4 
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Corn,  the  crop  second  in  importance  in  this  region,  is  grown  by 
practically  every  farmer  and  occupies  over  one-fourth  of  the  tilled 
area.  Corn  and  fodder  constitute  the  principal  feed  for  live  sto<^ 
Com  is  also  quite  generally  used  as  a  family  food.  The  area  devoted 
to  this  crop  in  the  different  classes  of  tenure  ranges  from  26.3  to  31 
per  cent  of  the  total  tilled  area.  As  a  rule  the  owners  are  devoting 
more  attention  to  raising  com  than  are  the  tenants. 

The  small-grain  crops  are  third  in  importance  in  utilizing  the  land 
for  first  crops.  Oats  are  the  principal  small-grain  crop  grown  in  this 
region,  and  are  also  of  much  importance  as  a  hay  and  pasture  arop. 
They  are  well  adapted  to  a  wide  range  of  soils  and  can  be  harvested 
early  enough  in  the  summer  to  utilize  the  land  for  other  crops  which 
may  be  harvested  the  same  season.  Much  of,  the  oats  harvested  as  a 
grain  crop  is  fed  in  the  sheaf.  As  a  grain  crop  oats  occupy  from  7  to 
10  per  cent  of  the  crop  area  on  white-owner  farms,  5  per  cent  upon  the 
white-tenant  farms,  and  4  per  cent  or  less  upon  the  farms  with  col- 
ored operators.  Wheat  is  grown  on  a  small  number  of  farms  in  this 
area  and  returns  only  fair  yields.  While  only  a  few  farms  grow  rye 
as  a  grain  crop,  it  is  used  more  extensively  as  a  cover  and  green- 
manuring  crop.  In  regions  north  of  this  county  these  two  crops 
occupy  a  larger  acreage  and  give  much  higher  yields. 

Cowpeas  occupy  an  important  place  in  the  agriculture  of  this 
region.  As  this  plant  is  of  tropical  origin,  it  grows  well  during  hot 
weather,  completing  its  growth  in  from  3  to  4  months  and  thereby 
making  it  possible  to  grow  it  at  times  when  the  land  would  otherwise 
be  idle.  Cowpeas. are  not  only  valuable  as  a  hay  and  seed  crop,  but 
have  a  high  soil-fertility  value  as  well.  The  area  devoted  to  this  crop 
for  hay  and  seed  is  shown  in  Table  VII.  There  were,  in  addition,  cer- 
tain farms  where  cowpeas  were  sown  and  plowed  under  during  the 
year  for  their  fertilizing  value,  but  complete  records  of  the  acreage 
treated  in  this  manner  were  not  secured.  The  cowpea  is  the  crop  of 
greatest  importance  in  the  utilization  of  land  for  the  second  time  dur- 
ing the  year.  It  occupies  only  a  small  percentage  of  the  first-crop 
area,  but  as  a  second  crop  it  utilizes  as  high  as  12  per  cent  of  the  tilled 
area  on  some  tenures.  The  usual  practice  in  this  region  is  to  f  oUow 
grain  crops,  usually  oats,  with  cowpeas  for  hay.  On  com  ground 
cowpeas  are  usually  sown  during  the  last  cultivation.  When  this 
can  be  done  the  cost,  above  that  for  seed,  is  very  small.  After 
harvesting  the  cowpea  seed  the  vines  are  left  on  the  ground  for 
pasture  or  to  be  plowed  under. 

There  are  a  number  of  other  crops  used  for  hay,  but  the  areas  of 
these  are  of  such  minor  importance  that  they  are  grouped  together  as 
"  other  hay."  Oats  occupy  the  most  important  place  in  this  respect, 
while  rye,  peanuts,  sorghum,  vetch,  Bermuda  grass,  meadow  hay, 
beggarweed,  or  crab  grass  were  reported  in  small  scattering  areas. 
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The  portion  of  the  crop  area  devoted  to  these  crops  is  fairly  evenly 
divided  between  first  and  second  crop  land. 

Few  farmers  in  this  region  grow  peanuts  as  a  money  crop.  Only 
enough  seed  is  harvested  for  farm  use;  the  rest  of  the  crop  is  used 
as  feed  for  hogs,  the  hogs  doing  the  harvesting.  Peanuts  give  very 
satisfactory  returns  as  a  feed  and  can  be  grown  as  a  second  crop 
during  the  year.  Less  than  2  per  cent  of  the  crop  area  is  devoted  to 
peanuts. 

Saccharine  or  sweet  sorgfhum  is  used  mainly  as  a  forage  crop.  It 
returns  very  satisfactory  yields  and  a  number  of  the  farmers  devote 
small  areas  to  it 

Sugar  cane,  sweet  potatoes,  and  watermelons  are  raised  mainly  for 
farm  and  home  use  and  occupy  about  1  per  cent  of  the  crop  area. 


iMWvmsa 

10 

PBRCtMTAOC  or  TOTAL  ReCEIPT5 
20               30               40               SO               60 

to             60              1 

OOTTON 
CORN 

SMALL  6MMN 

■ 

NAY 

i 

CANE  simip 

aMCET  POTATOCS 

MtSOCUANTS  CHOPS 

iNCfieA»cMPm> 

OCTTLE 

NOnSOANO  MULCS 

Nooa 

■ 

poucnrr 

( 

HISCCLLANCOU^ 

■ 

Fzo.    5.— Proportion   of   farm    receipts    from    different    sources    (160    white-owner 
farms,  Sumter  County,  Ga.). 

Many  of  these  farms  have  an  area  devoted  to  growing  garden  veg- 
etables and  truck  crops  for  use  in  the  home  and  supplying  hired  labor. 
The  large  amount  of  labor  maintained  on  these  farms  makes  the 
growing  of  these  crops  quite  essential. 

The  owners  devote  a  larger  portion  of  the  crop  area  to  raising  farm 
feeds  and  home  supplies  than  do  the  tenants. 

THE  RELATION  OF  TENURE  TO  DISTRIBUTION  OF  FARM  RECEIPTS. 

In  Table  VIII  is  shown  the  distribution  of  receipts  on  farms  oper- 
ated under  the  different  classes  of  tenure.  Figure  5  represents 
graphically  the  percentage  of  distribution  of  farm  receipts  on  the 
white-owner  farms. 

This  table  brings  out  clearly  the  importance  of  the  cotton  enterprise 
in  this  region.  On  the  farms  worked  by  white  operators  the  receipts 
from  cotton  and  seed  alone  range  from  86.4  to  89.8  per  cent  of  the 
total  for  each  tenure.    In  case  of  the  farms  worked  by  colored  oper- 
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ators,  even  a  larger  amount  of  the  farm  receipts  cgmes  from  the 
sale  of  cotton,  the  range  averaging  from  87.5  to  94.2  per  cent  of  the 
total  receipts. 

Practically  all  the  com  crop  is  required  for  feed  and  family  use. 
A  large  portion  of  it  is  used  for  feeding  work  stock  and  the  l&ige 
number  of  hogs  kept. 

While  Table  VII  shows  that  the  colored  operators  devote  about 
the  same  proportion  of  area  to  com  as  do  the  white  operators,  the 
former  received  much  lower  yields  and  consequently  were  not  able  to 
sell  nearly  as  large  a  portion  of  the  crop.  For  the  entire  area  ihb 
receipts  from  com  are  less  than  3  per  cent  of  the  total  farm  receipts. 


Table  \llh— The  relation  of  tenure  to  distribution  of  farm  receipts,  Sumter 

County,  Oa, 

White  operators. 

Colored  operatOR. 

SoaroeofinoooM. 

Owners 

(160 
farms). 

Owners, 
addi- 
tional 
(38 

forms)e. 

Owners, 
part 

rented 
out 
(70 

tonaayd. 

Tenant 
farms)«. 

Owners 

(12 
farms). 

Owners, 
addi- 
tional 
(11 

fiarins)^. 

Owners, 
part 

raited 
out 
(8 

Unas)*. 

Peroentage  of  income  from— 
Cotton 

75.4 
11.0 

75.8 

n.o 

79.3 
10.5 

76.8 
12.1 

81.7 
9.4 

78.4 
9.1 

8L0 
7.3 

tti 

IL4 

Total  ootton 

86.4 

86.8 

89.8 

88.9 

91.1 

87.5 

88w3 

M.3 

Corn 

3.4 
1.2 

.7 

.3 

3.3 
1.1 

.6 

2.1 
.4 
.2 

.1 
.1 

2.2 
.6 
.5 

1.1 

.5 

3.8 

.< 

Grain  Grops 

Cow  pea  Lay 

(•) 

.2 

(*} 

Oth^hayahd  f(Ht^;e 

Cane  sinn> T 

.4 
.4 
.1 
.1 

.4 

.3 

«2 

.2 
.1 

.9 
.3 

.2 

.1 

.J 

Sweet  po&toes. 

.1 

Fruit  and  nuts •. 

(«} 

Miscellaneous  crops 

.3 

.2 

.5 

.3 

93.2 

02.8 

93.1 

93.1 

92.8 

89.6 

92.9 

fl&S 

Increase  in  feed  and  sup- 
plies  

.0 

1.9 

2.2 

3.3 

3.9 

4.6 

.6 

14 

^^_^ 

Cattle^ 

.8 

.2 

2.3 

.5 

(°) 

.4 
.2 
1.3 
.2 
(«) 

.6 
.2 

.6 
.1 
.6 
.5 

r(«) 

.7 

1.7 
.2 

.4. 

.s 

Horses  and  mules 

Hogs 

•«3 

.2 
.2 

(«) 

Poultry 

^\3 

Bees 

(«> 

Total  stock 

3.8 
2.1 

2.1 
3.2 

1.7 
8.0 

1.8 
1.8 

1.0 
2.3 

2.2 

3.6 

.si 

5.7 

.* 

Li 

*  Less  than  one-tenth  of  1  per  cent. 
*Two  farms  reported  goats. 

«  Does  not  include  the  landlord's  receipt  on  additional  land  rented. 
'  Inclndes  owner's  receipts  on  part  of  farm  rented  out. 

*  Landlord's  and  tenant^s  receipts  combined. 

The  other  crop  sales  are  of  only  very  minor  importance  and  con- 
sist of  grain,  hay,  simp,  sweet  potatoes,  watermelons,  and  other 
crops,  including  some  fmit  and  a  few  garden  products.  The  safe 
from  these  items  is  relatively  higher  upon  the  white-operator  than 
upon  the  colored-operator  farms. 

The  item  of  feed  and  supplies  is  only  a  small  receipt  and  repre- 
sents the  increase  in  value  of  feeds  and  other  supplies  on  hand  at 
the  end  of  the  year  above  that  on  hand  at  the  beginning  of  the  year. 
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The  receipt  from  live  stock  and  live-stock  products  in  this  area  is 
a  very  small  item.  Very  little  attention  is  given  the  live-stock  in- 
dustry. Aside  from  the  mules,  usually  only  enough  cows,  hogs,  and 
poultry  are  kept  for  farm  use.  With  the  present  yields  it  requires 
practically  all  the  crop  land  above  that  devoted  to  cotton  for  sup- 
plying the  needs  of  farm  and  family  in  carrying  on  the  business. 

Hogs  are  the  most  important  live-stock  enterprise.  Besides  sup- 
plying farm  needs,  they  return  more  than  any  other  class  of  stock. 
So  many  laborers  are  required  for  the  operation  of  these  farms  that 
a  large  number  of  hogs  are  slaughtered  each  year  for  supplying  them. 

The  other  live-stock  receipts  are  from  the  sale  of  dairy  products, 
cattle,  horses,  mules,  colts,  and  poultry,  and  on  most  of  the  tenures 
constitute  about  1  per  cent  of  the  total  farm  receipts. 

The  receipts  from  miscellaneous  sources  return  these  farms  a  small 
income  each  year.  These  miscellaneous  receipts  include  such  items 
as  returns  for  labor  done  outside  the  farm,  for  wood  sold,  and  for 
cotton  ginning,  and  rent  of  land  or  buildings. 

THE  RELATION  OF  TENURE  TO  DISTRIBUTION  OF  FARM  EXPENSES. 

In  Table  IX  is  given  the  percentage  distribution  of  the  more  im- 
portant items  of  expense.  Almost  all  the  labor  in  this  region  is  per- 
formed by  the  coloreci  man  and  his  family.  The  wage  hand  is  paid 
from  $10  to  $18  per  month  and  rations.  It  is  the  general  custom  to 
issue  the  rations  to  the  laborers  by  the  week  or  month.  Some  of 
these  rations  are  purchased  and  the  operator  usually  attends  to  the 
buying  of  these  provisions  and  issues  them  to  the  hands.  Rations 
are  furnished  wage  hands  and  advanced  to  croppers.  Some  of  the 
larger  farms  maintain  commissaries  or  stores,  which  give  the  owner 
the  advantage  of  buying  by  wholesale.  Labor  is  generally  employed 
by  the  year  in  order  to  have  it  at  times  when  most  needed.  In  many 
cases  it  is  necessary  to  advance  wages.  Practically  all  labor  is  con- 
tracted for  during  the  latter  part  of  December  or  at  the  first  of  the 
year. 

The  first  four  items  of  expense  shown  in  Table  IX  include  the 
entire  eicpenditure  for  labor  other  than  that  done  by  the  operator, 
namely,  expenses  for  wage  hands,  for  extra  labor  for  "  chopping '' 
and  picking  cotton,  cropper^s  share  of  crops,  and  the  value  of  the 
labor  performed  by  the  operator's  family.  In  case  of  the  white 
farmers,  over  one-half  of  the  labor  expense  is  paid  to  share  croppers 
and  their  families.  On  the  colored  farms  a  much  higher  percentage 
of  the  labor  is  performed  by  members  of  the  family.  The  variation 
in  the  expense  for  labor  is  from  41  per  cent  to  56  per  cent  of  the 
total  farm  expenditures  in  the  various  tenure  classes.  The  expense 
for  repairs  of  machinery  and  buildings  is  greater  upon  the  white 
operators'  farms,  but  the  expense  for  fence  repairs  and  terraces  is 
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nhont  the  same  in  all  classes  of  tenure.  The  time  and  ezpenee  put 
upon  fences  or  terraces  represents  in  all  cases  only  what  was  nec^ 
sary.  The  fundamental  reason  for  the  difference  in  the  upkeep  of 
buildings,  and  especially  the  dwellings,  is  that  the  occupant  of  the 
tenant  house  is  not  the  owner  and  neither  the  landlord  nor  the 
tenant  has  the  interest  in  the  property  that  the  owner  occupant  has, 

Tabi.k  IX. — Relation  of  tenure  to  distribution  of  fann  expenses   {534  f^rmM^ 

Sumter  County,  Cfa.). 


Items  of  expense. 


Percentage  of  total  expense 
represented  by- 
wage  hands 

Cotton  picking  and  chop- 
ping (extra  labor) 

Share  croppers 

Family  labor 


Total  labor., 


Repairs- 
Machinery 

Buildings 

Fences 

Terracing 

Feed,  hay,  etc 

Feed,  grain,  etc 

Horseshoeing 

Breeding  fees  and  veteri- 
nary  

Seeds  and  plants 

Fertilizer- 
Croppers 

Wage  land 

Thrashing  and  twine. 

OinnJngTbags.  and  ties. . . 

Machine  hire,  fuel,  and  oil 

Insurance 

Taxes 

Interest  on  loan 

Mule  hire 

Cash  rent 

Miscellaneous 


White  operators. 


Owners 

(160 
farms), 


12.4 


34.4 
2.0 


1.4 
2.4 

.5 
.3 
.5 
l.H 
.2 

.2 
.9 


Owners 
addi- 
tional 
(38 

farms).  i> 


10.4 

6.8 
29.3 
2.3 


48. 8 


1.7 

2.8 
.3 
.1 
.0 

1.5 
.2 

.1 
.9 


13.2 

12.7 

13.9 

12.1 

.3 

.3 

4.0 

4.6 

.2 

.3 

.3 

.7 

2.3 

2.3 

.8 

1.4 

7.9 
.7 


Owners 
part 
rented 
out 
farms' 


i)^ 


Tenants 

(fiarm 

be8i8)(49 

farms). <i 


16.8 

6.7 

29.0 

.7 


53.2 


1.7 
4.0 
.4 
.2 
.9 
2.1 
.2 

.2 
1.4 

11.5 
12.5 
.1 
4.0 
.6 
.5 
3.8 
2.1 


ia2 

8.6 
24.9 
5.5 


49.2 


Colored  opentore. 


Owners 

(12 
farms). 


4.9 

9.6 
9.3 
88.3 


52.1 


.9 
1.4 

.3 

.2 
1.2 
3.9 

.2 

.3 
1.5 

9.1 
19.4 

.2 
6.3 

.1 

.2 
3.0 
2.2 

.3 


.1 


•  .4 

.5 
.1 
1.0 
4.6 
.2 


8.9 
22.6 


6.1 


8.8 
2.9 


Owners 
addi- 


(11 
1arms).b 


5.4 

4.0 
17.7 
14.3 


41.4 


.7 
.7 
.3 
.3 
.6 
2.5 
.2 

.1 
.5 

9.4 
17.7 


6.2 
(«) 


2.2 
1.8 


14.2 
L2 


Owners 

rented 
oat  (8 


9l» 

6.5 
26.8 
9.0 


1.9 
3.4 
.2 


2.2 
.3 


.2 
L2 


12.2 
9.5 


8.0 


4.4 

2.6 


(186 

farms).' 


4.4 

4.8 

&3 
SgL6 


.8 
.7 
.5 
.2 
L7 
4.6 
.2 

.1 
LI 

2G.2 

.1 
.1 

X6 
2.7 
.7 


.9 


(«) 


"  Less  than  one-tenth  of  1  per  cent. 

^  Does  not  include  landlord's  expense  on  additional  land  rented. 

'  Includes  expenses  on  part  of  land  rented  out. 

'  Landlord's  and  tenant's  expenses  combined. 

The  expense  for  feed  purchased,  such  as  hay,  fodder,  grain,  and 
concentrates,  is  much  higher  upon  the  farms  operated  by  colc^ed 
farmers.  In  other  tables  it  is  shown  that  much  of  their  additional 
expense  is  due  to  the  very  low  yields  of  crops  they  receive.  In  case 
of  the  white  farmers  the  expense  for  feed  ranges  from  2.1  per  cent 
for  the  owners  renting  additional  land  to  5.1  per  cent  for  the  tenants. 
For  the  colored  operators  this  item  of  expense  ranges  from  8  per 
cent  for  the  owners  with  part  rented  out  to  6.3  per  cent  for  the 
tenants.  In  a  study  and  comparison  of  these  farms  it  is  evident  tiiat 
the  colored  farmers  provide  a  smaller  proportion  of  farm  feed  for 
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their  stock  and  garden  products  for  their  family.  Wage  hands  and 
share  croppers  generally  depend  upon  the  farm  operator  to  supply 
them  with  these  latter  products. 

The  expense  for  fertilizer  is  of  much  concern  to  these  farmers,  as 
this  item  embraces  one-fourth  or  more  of  the  farm  expenses.  The 
share  croppers  are  held  responsible  for  their  share  of  this  expense 
for  fertilizer  shown  under  share-cropper  fertilizer.  On  both  the 
white-tenant  and  colored-tenant  farms,  the  percentage  of  total  farm 
expenditures  for  fertilizer  is  higher  than  on  the  owner  farms.  This 
does  not  mean  that  these  men  use  more  or  better  fertilizer  than  the 
owners,  but  that  the  greater  number  of  them  buy  in  small  quantities 
and  ready  mixed.  The  owners  in  many  cases  buy  fertilizing  mate- 
rials and  do  the  mixing  at  home,  and  many  of  them  buy  in  large 
quantities.  The  cash  expense  for  cotton  ginning  runs  much  higher 
on  the  farms  operated  by  white  tenants  and  all  colored  operators. 
This  is  due  mainly  to  the  fact  that  nearly  all  the  cotton  gins  are  on 
the  white-owner  farms.  The  interest  and  depreciation  charges  upon 
these  gins  are  not  considered  in  these  expenses. 

The  proportion  of  expenses  required  for  taxes  is,  on  the  average, 
about  8  per  cent,  varying  somewhat  in  the  different  tenures.  The 
item  of  interest  paid  upon  money  borrowed  for  the  payment  of  the 
year's  operating  expenses  is  only  a  small  item  when  compared  with 
the  expenses  of  the  farm  as  a  whole.  This  expense  is  a  little  higher 
upon  the  white-tenant  farms  and  on  all  the  farms  operated  by  col- 
ored farmers,  but  is  below  3  per  cent  of  the  total  in  all  classes.  The 
expense  for  the  hire  of  mules  is  an  item  of  much  concern  to  some  of 
these  tenants,  both  white  and  colored.  Five  of  the  white  tenants 
and  23  of  the  colored  tenants  hired  mules.  The  charge  for  the  use 
of  these  mules  during  the  year  is  very  reasonable,  being,  with  few 
exceptions,  $25  per  mule.  These  mules  were  usually  owned  by  the 
landlord.  The  expense  for  rent  of  land  was  7.9  per  cent  upon  the 
white-owner-additional  farms  and  14.2  per  cent  on  the  colored- 
owner-additional  farms.  Labor  and  fertilizer  constitute  three- 
fourths  of  the  expenses  on  these  farms. 

SILATION  OF  TBNUBB  TO  THE  PERCENTAGE  OF  RECEIPTS  REQUIRED  FOR 
OPERATING  EXPENSES. 

In  Table  X  is  shown  the  average  receipts  and  expenses  and  the 
percentage  of  receipts  required  for  cash  expenses  in  the  different 
classes  of  tenure.  This  table  shows  why  the  chance  of  heavy  loss  is 
so  great  in  straight  cotton  farming.  The  fact  that  this  crop  occu- 
pies such  a  large  portion  of  the  crop  area  and  involves  such  a  heavy* 
outlay  of  money  for  production  makes  heavy  loss  certain  when  yield 
or  price  is  low.    With  the  cash  expenses  60  per  cent  of  the  receipts 
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it  can  readily  be  seen  that  if  for  any  reason  these  receipts  diould 
drop  40  per  cent  there  would  be  little  if  any  income  left  for  interest 
on  investment  and  to  pay  for  the  farmer's  labor.  The  raising  of  an 
abundance  of  farm  feed  and  of  garden  supplies  is  of  exceedingly 
great  value  in  tiding  these  farmers  over  occasional  years  of  low  re- 
turns, such  as  are  inevitable  under  the  present  type  of  farming. 
Where  a  man  has  but  one  cash  crop  a  failure  is  a  serious  matter, 
since  he  is  thus  forced  to  carry  all  of  his  expenses  for  another  year. 

The  average  receipts  and  expenses  on  these  farms  are  some  indica- 
tion of  the  size  of  business  they  are  doing.  Both  the  white  owners 
and  white  owners  additional  have  receipts  averaging  above  $4,000 
per  farm,  while  the  owners  with  part  rented  out  have,  on  the  average. 
$6,400  receipts  per  farm.  The  average  receipts  on  378  farms  operated 
by  owners  in  Chester  County,  Pa.,  were  $2,312  per  farm.*  In  the  case 
of  the  farms  operated  by  white  farmers  about  62  per  cent  of  the 
receipts  on  the  owner  farms  are  required  for -expenses.  The  white 
tenants  show  a  lower  expense  when  figured  upon  this  basis,  it  being 
52  per  cent  of  the  farm  receipts.  The  colored  operators  show  a  lower 
percentage  of  the  receipts  required  for  expenses,  averaging  about 
58  per  cent  upon  the  owner  and  51  per  cent  upon  the  tenant  farms. 

The  percentage  cash  expenses  of  the  total  receipts  are  naturally 
lower  upon  the  smaller  farms,  as  the  operator  does  the  work  of  a 
farm  hand,  while  on  the  large  plantations  his  time  is  entirely  taken 
up  in  supervising  the  work.  On  the  tenant  farms  the  value  of  the 
work  done  by  the  operator  was  16  per  cent  of  the  receipts,  while  with 
the  owners,  where  a  larger  business  is  done,  it  averaged  10  per  oMit 
upon  the  white  and  13  per  cent  upon  the  colored  farms.  This  ac- 
counts for  the  fact  that  the  expenses  of  the  white  tenants  and  of  all 
the  colored  operators  as  compared  with  receipts  are  relatively  low. 

Table  X. — Relation  of  termre  to  percentage  of  receipts  required  for.  operating 
expenses  {Sumter  County,  Ga.), 


White  operators. 

Colored  <^>erators. 

Owners. 

Owners 
(addi- 
tional). 

^^^  Tenants 

Owners. 

Owners 
(addi- 
tional). 

Owners 

oat). 

Tenute 
(ten 

Number  of  ftums 

160 
•4,097 
12,555 

62 

38 

94,504 
12,796 

61 

70 
16,400 
13,963 

62 

49 
$1,963 
tl,023 

52 

12 

$1,659 
i977 

59 

11 
58 

8 
$3,107 
$1,SU 

58 

W 

Average  total  receipts 

Average  total  expuises 

oefpto  required  for  operat- 
ing expenses 

"OS 

^U.  S.  Department  of  Apiculture  Bulletin .  841. 
'Landlord   and  tenant  receipts  and  expenses  combined. 
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RELATION  OF  TENURE  TO  YIELD  PER  ACRE. 

Table  XI  shows  the  average  yields  of  the  more  important  crops 
grown  in  this  region  for  each  class  of  tenure,  and  for  each  race.  This 
table  indicates  the  possibilities  of  increasing  profits  by  getting  higher 
yields.  The  yield  of  cotton  and  of  corn  grown  on  the  land  worked 
by  wage-hand  and  share-cropper  labor  is  shown  separately.  As  a 
rule  the  land  worked  by  wage  hands  seems  to  return  the  highest 
yields.  However,  this  increase  in  yield  can  not  be  due  to  the  superior 
eflSciency  of  the  wage  hand  over  the  share  cropper,  for,  as  a  rule,  the 
latter  is  the  more  industrious  laborer.  The  three  more  vital  factors 
influencing  the  production  of  the  higher  yields  on  land  worked  by 
^rage-hand  labor  are:  First,  closer  supervision  by  the  operator  or 
manager;  second,  the  land  worked  by  wage  hands  usually  includes 
the  most  fertile  land  on  the  farm ;  third,  this  land  usually  receives  a 
heavier  application  of  fertilizer  and  may  have  more  benefit  from 
vegetable  matter  plowed  under  than  does  land  worked  in  other  ways. 
The  large  variation  in  yield  of  crops  foimd  in  this  area  was  not  due 
so  much  to  the  difference  in  the  quality  of  the  soil  upon  which  they 
are  grown  as  to  the  difference  in  method  of  tillage,  holding  soil 
fertility,  and  planting  of  seed.  Keeping  up  the  productiveness  of 
these  soils  is  a  problem  of  much  concern.  Practically  all  these 
farmers  have  to  depend  upon  growing  crops  for  supplying  organic 
matter,  a  thing  vital  to  the  maintenance  of  productiveness  in  this 
region.  With  the  long  growing  season  a  tremendous  quantity  of 
organic  matter  is  used  up  each  year.  The  soils  also  lose  considerably 
from  erosion  unless  they  are  kept  well  covered.  By  plowing  under 
cotton  and  com  stalks  and  leguminous  crops,  together  with  the  aid  of 
fertilizer,  many  of  these  farmers  are  keeping  their  land  in  a  compara- 
tively Jiigh  state  of  fertility.  Some  of  these  farms  could  realize  sub- 
stantial increases  in  yields  by  selecting  better  seed  as  to  germination 
and  climatic  adaptation,  using  better  tillage  methods,  and  exercising 
more  care  in  the  choice  of  fertilizers  and  their  applicati<Mi.  The 
yields  of  crops  on  the  farms  in  the  different  tenure  classes  show  some 
variation,  but  the  comparison  of  most  importance  in  Table  XI  is 
that  between  the  yields  received  on  the  farms  of  white  and  of  colored 
operators.  A  bale  of  cotton,  as  used  in  the  discussion  throughout 
this  bulletin,  means  500  pounds  of  lint  cotton.  The  average  yield  of 
cotton  on  the  317  farms  operated  by  white  farmers  was  0.55  of  a  bale 
per  acre,  while  on  the  217  farms  operated  by  colored  farmers  it  was 
0.41  bale  per  acre.  Com  on  the  average  yielded  4  bushels  per  acre 
higher  upon  the  white-operator  farms  than  upon  the  colored-operator 
farms. 
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Table  XI. — Relation  of  tenure  to  yields  of  crops  per  acre  (534  farms,  Sumter 

County,  Ga,). 


White  operators  (317  fums). 

Colored  operators  (217  lanmsy 

Crop. 

Own- 
ers. 

Own- 
ers 
addi- 
tional. 

Own- 
ers 
part 
rented 
out.  a 

Ten- 
ants. 

AU 
white 
opei^ 
ators. 

Own- 
ers. 

Own- 
ers 

addi- 
tkouO. 

Own- 
ers 
part 

rented 

OUtjB 

T^n- 

col- 
ored 

Yieldperacreof— 

Wage  cotton boles.. 

Share  cotton do.... 

0.61 
.53 

0.66 
.51 

0.57 
.53 

0.45 
.46 

a58 
.52 

0.41 
.37 

a48 
.46 

ass 

.34 

att 

.41 

.SI 

Total  cotton do.... 

.56 

.57 

.55 

.46 

.55 

.41 

.44 

.34 

.42 

.41 

Wage  com budiels.. 

Share  com do 

16.00 
13.00 

16.00 
11.00 

10.00 
12.00 

12.00 
13.00 

14.00 
13.00 

8.00 
8.00 

9.00 
U.00 

9.00 
8.00 

•.00 
9L00 

9.« 
S.« 

Total  corn do.... 

15.00 

14.00 

11.00 

12.00 

13.00 

8.00 

10.00 

8.00 

9.00 

9.M 

Sweet  potatoes do.... 

Oats  for  grain do. .. . 

Oowpea  nay.. tons. 

103.00 

26.00 

.59 

181.00 

117.00 

30.00 

.42 

161.00 

104.00 

25.00 

.74 

191.00 

77.00 

32.00 

.61 

202.00 

102.00 

27.00 

.61 

182.00 

62.00 

10.00 

.25 

200.00 

107.00 

26.00 

.75 

96.00 

62.00 

8.00 

.54 

153.00 

79.00 

16.00 

.50 

isa.00 

78.M 
lii.« 

Cane  sirup gallons. . 

ia.« 

*  Does  not  Include  crops  on  land  rented  out. 

Only  small  areas  per  farm  are  devoted  to  raising  sweet  potatoes, 
yet  the  differences  in  yield  per  acre  upon  the  colored  and  white  farms 
would  be  of  some  importance  in  supplying  family  needs. 

A  very  small  acreage  of  oats  is  raised  for  grain  upon  the  colored- 
operator  farms,  and  the  yield  is  11  bushels  less  per  acre  than  oo 
the  white-operator  farms.  Cowpeas  when  grown  with  good  methods 
produce  as  high  as  2  or  8  tons  per  acre,  but  owing  to  the  wide  range 
of  methods  practiced  upon  these  farms  the  average  yield  is  very  low. 
the  white  operators  getting  but  0.61  ton  and  the  colored  operators 
but  0.49  ton  per  acre. 

Sugar  cane  yielded  an  average  of  182  gallons  of  simp  per  acre 
on  the  white-operator  and  122  gallons  upon  the  c<dored-operator 
farms.  The  average  area  devoted  to  sugar  cane  by  the  ccdored  oper- 
ators was  0.45  acre.  If  they  had  realized  yields  equaling  those  of 
the  white  operators  they  would  have  had  27  more  gallons  of  sinq> 
p^r  family. 

The  share  croppers  are  getting  on  the  average  0.13  bale  of  cotton 
and  5  bushels  of  com  more  per  acre  on  the  white-operator  farms 
than  they  receive  on  the  colored-operator  farms.  In  a  comparison 
of  the  share-croppers'  yields  of  cotton  and  com  with  those  of 
the  colored  tenants,  it  will  be  observed  that  the  croppers  have  a 
considerable  advantage.  The  colored  tenants  are  getting  on  the  aver- 
age 0.42  bale  of  cotton  and  9  bushels  of  com  per  acre.  The  share 
croppers  on  the  white-operator  farms  are  getting  0.52  bale  of  cotton 
and  13  bushels  of  corn  per  acre.  The  white  tenants  also  get  better 
yields  of  crops  than  the  colored  tenants.  While  it  is  true  some  ol 
these  tenants  are  on  the  poorer  soil  types,  yet  that  is  only  cue 
factor,  as  the  greater  portion  of  the  colored  tenants  represented  ia 
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this  study  are  farming  on  the  same  farms  with  the  share  croppers. 
Where  tenants  do  not  know  how  to  direct  the  operation  of  a  farm 
and  need  supervision,  they  are  better  off  as  share  croppers,  as  then 
they  receive  the  benefit  of  the  landowner's  Experience  in  farming. 
There  is  no  doubt  that  on  the  soils  farmed  year  after  year  by 
many  of  these  colored  farmers  the  supply  of  vegetable  matter  is  be- 
ing depleted  much  faster  than  where  the  use  of  more  crops,  such  as 
cowpeas,  velvet  beans,  etc..  is  practiced  to  supply  the  soil  with  ni- 
trogen and  keep  it  in  good  mechanical  condition.  Better  farm  prac- 
tice is  the  governing  factor  in  returning  the  white  farmers  the  higher 
yields.  Many  of  them  plow  under  heavy  leguminous  crops  to  supply 
vegetable  matter  to  the  soil,  and  they  use  more  fertilizer  and  practice 
better  tillage  methods  than  does  the  colored  farmer.  The  latter,  as 
a  rule,  is  very  deficient  in  many  of  these  respects. 

SIZE  OF  FARM. 

Where  farms  are  devoted  almost  entirely  to  raising  crops,  as  they 
are  in  Sumter  County,  the  size  of  the  farm  is  the  most  important  fac- 
tor bearing  upon  the  effective  use  of  capital  and  labor  involved  in 
the  operation  of  the  farm.  In  Tables  XII  to  XXIV  the  number  of 
tilled  acres  per  farm  has  been  used  as  the  measure  of  size  of  farm. 

RELATION  OF  SIZE  OF  FARM  TO  AMOUNT  AND  DISTRIBUTION  OF  CAPFTAL. 

In  many  regions  the  amount  and  distribution  of  capital  necessarj' 
in  operating  a  farm  depend  upon  the  type  of  farming  one  desires  to 
follow.  Since  only  one  type  prevails  in  this  region,  the  only  influenc- 
ing factor  <m  amount  and  distribution  of  capital  is  the  size  of  the 
farm  business. 

The  relation  of  size  of  farm  to  amount  and  distribution  of  farm 
capital  on  the  160  white-owner  farms  is  shown  in  Table  XII.  The 
farms  in  the  smallest  size  group  average  34  tilled  acres  and  have 
$3,000  capital;  in  the  next  group  they  average  74  acres  and  have 
$6,365  capital;  in  the  third  size  group  they  average  123  tilled  acres 
and  have  $10,226  capital ;  in  the  fourth  size  group  they  average  194 
tilled  acres  and  have  $16,190  capital ;  in  the  fifth  group  they  average 
328  tilled  acres  and  have  $30,921  capital,  and  in  the  largest  size  group 
they  average  595  tilled  acres  and  have  $53,253  capital.  The  average 
amount  of  capital  in  these  different  size  groups  is  practically  the 
same  per  tilled  acre. 

When  the  capital  is  divided  into  real  estate  and  working  capital, 
we  find  the  former  item  comprising  approximately  80  per  cent  of  the 
total  capital  in  each  size  group,  and  working  capital  20  per  cent.  It 
is  when  these  two  items  are  subdivided  that  differences  in  the  size 
groups  are  found. 
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Table  XII. — Relation  of  size  of  farm  to  dUtiibution  of  capital  on  160  farm^ 
operated  by  white  owners,  Sumter  County,  Ga. 


Farms  grouped  according  to  the  number  of  tUled  acres  per  flum. 

Distribution  of  capital. 

50  acres 
and  less. 

61  to 
100  acres. 

101  to 
150  acres. 

161  to 
250  acres. 

251  to 
450  acres. 

Over 
450  acres. 

TotBL 

Nnmhor  of  fEum.s 

25 

34 

$3,000 

41 

74 

$6,365 

40 

123 

$10,226 

31 

194 

$16,190 

12 

328 

$30,921 

11 

695 

$.'a,253 

160 

Number  of  tilled  acres  per  farm 

Total  capital  per  farm 

158 
$13,773 

Percent^e  of  total  capital  in— 

58.5 

14.5 

1.6 

63.1 
fl.l 
4.1 

61.3 
10.4 

4.3 
.1 

4.0 

62.7 

8.4 

6.3 

.4 

3.2 

68.5 
4.3 
4.6 
2.0 
2.1 

66.7 
2.5 
5.9 
2.2 
2.1 

«5l1 

Houses 

6.8 

4.8 

Gin  and  equipment 

.9 

Other  buildings 

6.7 

4.1 

XZ 

Total  real  estate .       

80.3 

80.4 

80.1 

80.0 

81.6 

82.4 

8Q.9 

Workstock 

7.2 
2.6 
2.8 

4.8 
2.4 

7.2 
1.9 
2.8 
4.7 
3.0 

7.3 
1.7 
2.6 
6.6 
2.8 

7.7 
1.6 
2.8 
6.9 
2.0 

8.2 
1.0 
2.7 
4.5 
2.1 

6.6 
.4 
2.9 
4.5 
3.3 

7.3 

Other  live  stock 

1.3 

Machinery 

2.8 

Feed  and'supplies 

&.0 

Ca-«?b 

2.7 

Total  working  capital 

19.7 

19.6 

19.9 

20.0 

18.5 

17.6 

ISLl 

The  lowest  percentage  investment  in  land  is  found  in  the  smallest- 
size  group  of  farms  and  the  highest  percentage  in  the  largest-size 
group.  With  the  exception  of  the  second  size  group  the  percentage 
of  investment  in  land  increases  as  the  size  of  farm  increases  and  the 
percentage  of  total  real  estate  remains  about  constant.  This  means 
that  the  percentage  investment  in  buildings  must  decrease  as  the 
farms  increase  in  size.  It  is  noteworthy  that  the  percentage  invest- 
ment in  dwelling  houses  decreases  rapidly  as  the  farms  become  larger. 
It  is  14.5  per  cent  on  the  smallest  farms  and  only  2.6  per  cent  on  the 
largest  farms.  The  percentage  of  investment  in  dwellings  on  the 
small  farms  being  so  high  it  would  seem  that  these  farms  should 
have  better  dwellings  than  the  large  farms;  in  reality,  they  are  not 
so  good.  The  average  value  of  dwelling  per  farm  in  the  various 
size-groups,  beginning  with  the  smallest-farm  group  is  $435,  $580, 
$1,065,  $1,362,  $1,313,  and  $1,314.  With  a  farm  investment  of  $3,000, 
a  $435  house  comprises  14.5  per  cent  of  the  total  investment;  while 
with  a  farm  investment  of  $53,253  a  $1,814  house  comprises  only  2.5 
per  cent  of  the  total  investment.  Each  of  the  three  groups  above 
150  acres  has  the  same  grade  of  house,  but  cm  the  151  to  250  acre 
farms  the  house' comprises  8.4  per  cent  of  the  total  investment,  on 
the  251  to  450  acre  farms  4.3  per  cent,  and  on  the  largest  farms  2.5 
per  cent.  Only  one-fifth  of  the  farms  of  the  smallest  size  group 
have  houses  worth  over  $500  and  only  one  has  a  $1,000  house,  while 
on  the  farms  of  the  largest  size  group  only  one  has  a  house  worth 
less  than  $1,000. 

Quite  naturally  there  are  many  more  tenant  houses  on  the  large 
farms  than  on  the  small  farms  and  even  the  percentage  investment 
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in  this  item  increases  as  the  size  of  farm  increases,  with  the  single 
exception  of  the  261  to  450  acre  group.  Only  one  out  of  three  of 
the  farms  with  50  acres  or  less  of  tilled  land  has  a  tenant  house, 
while  of  the  farms  with  51  to  100  tilled  acres  83  per  cent  have  tenant 
houses.  All  the  farms  of  over  100  tilled  acres  have  tenant  houses, 
ranging  in  number  from  2  to  26,  according  to  size  of  farm.  The 
farms  from  51  to  100  tilled  acres  average  2 ;  from  101  to  150  acres,  4 ; 
from  151  to  250  acres,  6;  from  251  to  450  acres,  9;  and  over  450 
acres,  18  per  farm. 

On  the  farms  of  the  smallest-size  group  no  cotton  gins  were  found 
and  but  1  until  the  farms  reached  over  150  tilled  acres.  Ginhouses 
and  equipment  constitute  over  2  per  cent  of  the  total  investment  in 
the  groups  of  251  to  450  acres  and  of  over  450  acres. 

The  investment  in  bams,  sheds,  etc.,  has  been  grouped  under  one 
heading  as  "  other  buildings."  This  Investment  is  relatively  higher 
on  the  smaller  farms,  but  the  relation  is  not  so  marked  as  it  is  with 
the  dwellings. 

Of  the  working  capital  the  item  of  "  other  live  stock  "  is  the  only 
one  showing  any  variation  from  size  of  farm.  On  the  farms  of  the 
smallest  size  group  this  item  comprises  2.5  per  cent  of  the  total  in- 
vestment and  then  there  is  a  decrease  as  size  of  farm  increases,*  until 
on  the  farms  of  the  largest  size  group  less  than  one-half  of  1  per  cent 
of  the  investment  is  in  live  stock  other  than  work  stock. 

The  items  of  work  stock,  machinery,  feed  and  supplies  and  cash 
for  operating  expenses  show  practically  the  same  relative  importance 
for  all  size  groups,  the  variation  for  any  of  these  items  from  the 
average  of  all  farms  not  equaling  1  per  cent. 

The  highest  percentage  of  investment  in  cash  to  run  the  farm 
occurs  in  the  largest  size  group.  A  large  proportion  of  the  men  on 
the  larger  farms  furnished  money  for  the  payment  of  their  yearly 
expenses,  yet  the  average  outlay  was  so  large  that  a  number  of  these 
had  to  borrow  additional  money.  There  were  others  who  depended 
entirely  upon  borrowing  for  this  purpose. 

The  variation  in  the  different  size  groups  of  the  investment  in 
work  stock  is  of  no  consequence.  Where  a  slight  variation  does  exist 
it  is  due  primarily  to  a  difference  in  the  value  of  work  stock  per  head. 

Table  XIII  shows  the  relation  of  size  of  farm  to  the  amount  and 
distribution  of  investment  on  the  186  farms  operated  by  colored 
tenants.  The  amount  of  capital  invested  upon  these  farms  by  tenant 
and  landlord  ranges  from  about  $2,000  to  over  $7,000.  The  size  of 
the  farm  operated  by  these  tenants  has  no  particular  bearing  upon 
the  proportion  of  capital  invested  in  real  estate,  live  stock,  machinery, 
and  other  working  capital,  excepting  in  case  of  the  smallest  size 
group.  -In  this  group  the  investment  in  real  estate  is  high  and  in 
work  stock  low,  due  mainly  to  the  fact  that  each  of  many  of  these 
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tenants  hires  a  mule.  (See  Table  XIX,  p.  44.)  The  smallest  aae 
group  averaged  1.2  head  of  work  stock,  the  middle  group  2^,  and 
the  largest  size  group  4  per  farm.  If  all  the  men  upcm  these  fanns 
had  owned  their  work  mules  instead  of  a  part  of  them  renting,  the 
proportion  of  this  investment  would  have  run  practically  nonnal 
in  all  groups.  The  investment  in  other  live  stock  was  of  very  minor 
importance.  Three-fourths  of  these  tenants  owned  cows,  the  avenge 
value  per  head  being  $24.  Eight  out  of  every  10  of  th^n  kept  a 
few  hogs  for  meat  and  most  of  them  kept  from  10  to  30  chickens. 


Tabus  XIII. — Relation  of  Hze  of  fami  to  distribution  of  cafnt€U  on  1S6  fi 
operated  by  colored  tenantSj  Sumter  County,  Qa. 


Farms  group«<l  according  to  tbe  o- 
of  tilled  acr«s  p«r  tern. 


Distribution  ofcapltal.a 

50  acres, 
and  less. 

51  to  100 
acres. 

Over  100 

TotaL 

Nninber  of  fEirms 

96 

35 

12,021 

68 
68 

13,418 

22 

OS 

17,751 

191 

Number  of  tilled  acres  Der  tann 

m 

Total  capital  per  farm 

e,2» 

Percentage  of  total  capital  in— 

7«.« 
6.8 
2.4 

75.8 
fi.3 
2.2 

78.5 
1.6 

77.f 

Tenant  bouses 

5.T 

Other  buildings               

!• 

Total  real  estate                 

86.1 

83.3 

85.1 

9L' 

Work  stock 

6.7 
1.7 
2.0 

8.8 
L4 
2.2 
4.6 
.8 

7.9 

1.6 
8.7 

.8 

7.C 

Other  live  stock 

L4 

Machinery . . .  r 

2.C 

Feed  and'suDDlies    

x% 

Cash 

.4 

Total  working  capital 

13. « 

16.7 

14.9 

15i3 

"  Landlord's  and  tenant's  capital  combined. 

The  fact  that  a  large  percentage  of  these  colored  tenants  nsed  for 
the  breaking,  preparation  of  the  land,  covering  of  the  seed,  and  the 
cultivation  of  the  intertilled  crops,  but  one  crude  plow  drawn  by  one 
mule,  explains  why  the  working  capital  represents  less  than  15  per 
cent  of  the  total  investment  on  these  farms.  The  quality  of  the 
buildings  furnished  these  tenants  is  much  below  that  used  hj  tiie 
owners.  The  climate  here  is  such  that  cheap  buildings  are  very  com- 
fortable during  the  greater  part  of  the  year.  This,  togetiier  with 
self-interest,  prompts  landlords  to  build  as  cheaply  as  possible. 

RELATION  OF  SIZE  OF  FARM  TO  PROFTTS. 

The  size  of  the  business  is  one  of  the  most  important  factcH^  af- 
fecting farm  profits.  A  farm  must  do  a  certain  amount  of  businefis 
in  order  to  yield  a  satisfactory  income.  The  small  farm  has  rela- 
tively much  more  of  its  capital  in  the  form  of  unproductive  invest- 
ment than  does  the  large  farm.    Labor,  mules,  and  machinery  cov^ 
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relfttively  smaller  areas  on  the  small  farm  than  on  a  good-sized  one 
and  are  not  so  easily  kept  continuously  busy.  Moreover,  the  over- 
head charges  are  proportionately  smaller  on  the  larger  farms. 

In  Table  XIV  is  shown  the  relation  of  size  of  farm  to  capital,  re- 
ceipts, expenses,  farm  income,  and  labor  income  on  the  white-owner 
farms.  The  farmer  on  the  farm  of  the  smallest  size  group,  with 
$3,000  capital,  made  a  farm  income  of  $288  and  a  labor  income  of 
$188.  Even  if  these  men  were  free  from  debt,  so  that  the  payment 
of  interest  would  not  be  necessary,  they  would  rarely  be  able  to 
save  any  money  after  paying  the  year's  living  expenses  out  of  a  farm 
income  of  $288. 

The  men  operating  farms  of  from  51  to  100  tilled  acres  and  having 
twice  as  much  capital  as  those  of  the  first  group  are  making  a  labor 
income  of  $307,  while  the  men  with  101  to  150  tilled  acres  are  making 
a  labor  income  of  $63(5,  which  is  over  double  that  of  the  group  below 
them.  The  capital  invested  by  the  men  in  this  group  is  over  three 
times  that  of  the  first-size  group. 

Tabub  XIV. — Relation  of  size  of  farm  to  capital,  receipts,  expenses,  and  income 
on  160  farms  operated  by  white  owners,  Sumter  County  Qa. 


TiDed  acres  per  &nn. 

Nomber 

of 
farms. 

Average 
capi^. 

Receipts. 

Expenses. 

Farm 
Income. 

Labor 
income. 

SO  Mnf  and  loss. . .               

25 
41 
40 

$3,000 
6,365 
10,226 

1794 
1,773 
8,186 

1506 
1,148 
2,039 

1288 

626 

1,147 

S138 

Al  to  100  acres             

807 

101  to  150  acres 

636 

Totol,  MO  and  less  tfllod  acres 

106 

7,028 

2,076 

1,333 

743 

891 

IftltoSSOaonw 

81 
12 
11 

16,190 
80,921 
53,253 

6,749 
8,639 
17,528 

3,565 
6,682 
11,642 

2,184 
2,057 
5,886 

1,374 

251  to  450  acres                

1,411 

Orer460aQrM.. 

8,223 

TotaL  over  150  tilled  acres 

54 

27,013 

8,791 

5,681 

8,110 

1,760 

QmKlt<rtaI                             

160 

13,773 

4,342 

2,800 

1,542 

853 

Of  all  the  160  farms  operated  by  white  owners,  there  were  66  per 
cent  with  150  or  less  tilled  acres  per  farm.  The  average  capital,  on 
these  farms  was  $7,028,  and  they  made  a  labor  income  of  $391.  In 
other  words,  two-thirds  of  these  owners  got  on  the  average  less  than 
$400  for  their  year's  labor.  The  other  one-third,  with  larger  farms 
and  an  average  of  $27,013  capital,  made  an  average  labor  income  of 
$1,759.  The  volume  of  business  on  these  farms  was  over  four  times 
that  on  the  farms  of  less  than  150  tilled  acres.  The  farms  with  the 
larger  business  give  in  proportion  larger  profits,  providing  the 
business  is  profitable.  If,  however,  a  farmer  is  doing  a  losing  busi- 
ness, the  less  he  does  of  it  the  better. 

In  Table  XV  is  given  the  relation  of  the  size  of  farm  to  capital, 
receipts,  expenses,  and  profits  of  the  tenant,  and  the  landlord's  per 
cent  upon  investment  on  186  colored-tenant  farms.  Over  one-half 
of  these  tenants  were  on  farms  of  50  or  less  tilled  acres,  and  with  an 


Digitized  by 


Google 


40 


BULLETIN  492,  U.   S.  DEPARTMENT  OF  AGMCULTUBE. 


average  of  $281  capital  they  made  an  average  labor  income  of  $196. 
The  value  of  family  labor  was  $91,  and  by  adding  this  amount  to  &e 
farm  income  the  average  family  income  is  $301  for  this  group.  The 
landlord  on  these  same  farms  had  an  average  investment  of  $1,740 
and  made  a  profit  of  8.8  per  cent. 

The  tenants  on  farms  of  from  51  to  100  tilled  acres  in  size,  with 
an  investment  of  $573  apiece,  made  an  average  labor  income  of  $357. 
The  value  of  family  labor  was  $237,  family  inc<Mne  was  $622,  land- 
lord's profit  10.3  per  cent. 

The  tenants  in  the  largest  size  group,  with  over  four  times  as 
much  capital  as  those  of  the  smallest-size  group,  made  an  average 
labor  income  of  $573.  Family  labor 'was  valued  at  $292,  family 
income  was  $1,029,  and  landlord's  profit  7.4  per  cent. 

Table  XV. — Relation  of  size  of  farm  to  capital,  receipts,  expenses,  and  tftroine 
of  operator  and  landlord  on  186  colored  tenant  farms,  Sumter  County,  G«. 


Tilled  acres  per  farm. 

Nam- 
berof 
farms. 

Aver- 
ca^. 

Re- 
oeipts. 

penses. 

Farm 

in- 
come. 

Famfly 
fabor. 

Labor 

in- 
oome. 

Land- 

lord's 

Land- 
krd^ 

prolft 
(P« 
MOO. 

50  acres  and  less 

96 
68 
22 

1281 

573 

1,154 

1336 
1,120 
2,332 

1326 

735 

1,595 

S210 
885 
737 

$91 
237 
292 

S196 
357 
679 

$1,740 
2,845 
6,507 

S.Y 

UlJ 

Over  100  acres 

7.4 

Total 

186 

491 

962 

626 

336 

168 

312 

2,719 

1.9 

Of  the  186  colored  tenants  182,  or  practically  98  per  cent»  were 
operating  farms  of  150  or  less  tilled  acres  per  farm.  These  men  had 
an  average  of  $459  capital,  and  made  a  farm  income  of  $316  and  a 
labor  income  of  $293.  The  average  capital  of  the  landlord  was 
$2,543;  profit  9.1  per  cent.^ 

The  profits  of  these  tenants  were  in  direct  proportion  to  the  size 
of  business  they  were  able  to  handle.  The  tenant  farming  the  most 
acres  usually  had  the  largest  family,  and  the  value  of  the  labor  per- 
formed by  the  family  was  highest.  The  older  tenants  were  on  the 
larger  farms.  In  the  smallest  size  group  their  average  age  was  42, 
in  the  next  larger  size  group  it  was  44,  and  in  the  largest  size  group 
it  averaged  48  years.  The  tenants  reported  hauling  their  cotton  an 
average  of  5.8  miles  to  market,  with  no  relative  difference  between 
the  size-groups.  Tenants  with  a  small  amount  of  capital  devoted 
to  crop  farming  have  greater  opportunities  in  this  region  than  in 
regions  where  live  stock  is  essential,  because  the  live-stock  enterprise 
calls  for  much  additional  investment  above  that  required  for  rai^ng 
crops. 

RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  CROP  AREA. 

In  Table  XVI  is  shown  the  relation  of  the  number  of  acres  of  tilled 
land  per  farm  to  the  distribution  of  crop  area  on  the  white-owner 
farms.    The  farms  in  the  smallest  size  group  had  45.9  per  cent  of 
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the  crop  area  devoted  to  cotton  and  38.4  per  cent  devoted  to  com, 
while  those  in  the  largest  size  group  had  64.3  per  cent  of  the  crop  area 
in  cotton  and  22.3  per  cent  in  com.  Every  one  of  the  160  farmers 
raised  both  cotton  and  com;  21  of  these  men  had  below  40  per  cent 
of  their  crop  area  in  cotton,  and  12  had  over  70  per  cent;  15  had  less 
than  20  per  cent  of  their  crop  land  in  corn,  and  37  had  over  40  per 
cent. 

Table  XVI. — Relation  of  size  of  farm  to  distribution  of  crop  area  on  160  farms 
operated  by  white  owners^  Sumter  County,  Ga. 


Crop. 


Percentage  of  crop  area  in  each  specified  tilled  acreage  group. 


50  acres 
and  less. 


51  to  100 
acres. 


101  to  150 
acres. 


151  to  250 
acres. 


251  to  450 
acres. 


Over  450 
acres. 


Wage  cotton 

Share-cropper  cotton . 


31.6 
14.4 


22.1 
26.7 


13.1 
39.4 


19.0 
37.3 


25.9 
80.9 


25.7 
38.6 


Total  cotton.. 


Wage  com 

Shaie<!ropper  com . 


45.9 


47.8 


62.5 


67.2 


66.8 


64.3 


84.3 
4,1 


22.3 
13.9 


14.8 
16.2 


13.7 
15.2 


16.9 

10.4 


9.5 
12.8 


Total  com.. 


38.4 


36.2 


31.0 


28.9 


27.3 


22.3 


Oats  for  grain 

Wheat  and  rye  for  grain. , 

Cowpea  bay  and  seed 

oecond  crop 

Other  hay  and  forage. 

Second  crop 

Ftturats 

Second  crop 

Sorghum 

8u#ircane 

Sweet  potatoes 

WatermehHis 

G«rden»  truck,  etc 

Fmit  and  nuts 

Total  per  cent  of  crop  area  used  for  second 
cnp 


6.3 
.2 
L3 
12.4 
1.3 


2.8 

1.6 
.1 
.7 

1.1 
.7 

1.2 


14.0 


&5 

.1 

.8 

10.1 

2.2 

1.0 

1.7 

1.4 

.2 

.5 

.6 

.4 

.9 

.1 

12.5 


9.1 

.7 

.8 

11.3 

.8 

.4 

2.5 

2.5 

.2 

.5 

.6 

.4 

.6 

.3 

14.2 


9.1 

.8 

.8 
1.3 
1.2 
2.1 
.3 
.3 
.3 
.1 
1.0 
0) 

14.8 


11.9 
.1 
.8 

13.4 
.9 
1.3 
.4 
.3 
.2 
.2 
.5 
.4 
.4 
.1 

15.0 


9.0 

.2 

.3 

14.3 

.7 


.7 


.6 
.2 
.8 
.4 
1.0 
.1 

14.3 


1  Less  than  one-tenth  of  1  per  cent. 

Oats  for  grain  were  grown  on  three-fourths  of  these  farms,  but 
the  acreage  generally  was  small.  On  one-half  of  the  farms  report- 
ing, less  than  10  per  cent  of  the  crop  area  was  in  oats.  Only  a  few 
grew  wheat  or  rye  for  grain,  and  the  proportion  of  area  devoted  to 
these  is  about  the  same  in  all  ;iize  groups. 

Cowpeas  are  of  great  importance  to  all  these  farmers  as  a  second 
crop.  Of  all  the  land  devoted  to  such  crops  85  per  cent  is  occupied 
by  cowpeas.  There  is  no  wide  variation  in  the  different  size  groups 
in  area  devoted  to  second  crops  or  hay  and  forage  crops.  Practically 
all  the  minor  crops  shown  in  Table  XV  are,  relatively  speaking, 
grown  more  extensively  on  the  small  farms  than  on  the  large  farms. 
The  larger  farms  devote  more  area  to  cotton.  The  small  farms  tend 
more  to  diversification  than  Ho  the  large  plantations.  Unless  the 
man  on  the  small  farm  raises  feed  for  stock  and  products  for  home 
use  he  generally  suffers  a  very  serious  financial  setback  in  case  of  a 
poor  year. 
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Table  XVII  shows  the  relation  of  size  of  f ann  to  distiibutioii  of 
crop  area  on  colored-tenant  farms.  This  table  reveals  most  strikini^y 
the  similarity  of  crop  conditions  that  exist  in  each  size  group.  Over 
90  per  cent  of  the  crop  area  on  these  farms  is  devoted  to  raising  col- 
ton  and  corn,  and  the  only  pailicular  variation  in  the  distributiaii 
of  this  area  is  that  on  the  larger  farms  a  little  more  area  is  devoted 
to  cotton  and  less  to  com.  As  compared  with  the  white  owners  in 
Table  XVI,  these  tenants  have  about  10  per  cent  more  of  the  crq> 
area  in  cotton.  This  table  is  of  most  interest  in  showing  how  litde 
attention  these  farmers  give  to  the  growing  of  crops  other  than 
cotton  and  com.  Besides  these  crops,  oats  for  grain  and  forage  cn^ 
grown  for  hay  are  the  only  ones  that  occupy  over  1  per  cent  of  titt 
tilled  area  for  first  crops.  The  area  devoted  to  second  crops  is  mostly 
used  for  growing  cowpea  hay  and  seed.  Excepting  in  the  smallest 
size  group  there  is  no  relation  between  size  of  farm  operated  and 
proportion  of  the  tilled  area  used  for  a  second  crop  by  these  tenants. 
They  utilize  less  than  one-half  as  much  of  the  crop  area  for  second 
crops  as  do  the  white  operators. 


Table  XVII. — Relation  of  size  of  farm  to  percentage  of  crop  area  devoted  H 
each  crop  on  186  farms  operated  by  colored  tenants,  Sumter  County,  0«. 

Crop. 

Percentage  of  crop  aim  iBttek 
specified  tilled  iiare^AgRRV. 

60  acres 
and  leas. 

U  to  100 
sens. 

O^MI 

Wae©  cotton                  

64.9 
.4 

oa2 

4.0 

47.7 

Share  oroppor  cotton 

114 

Total  cotton 

6&.8 

64.8 

CLl 

Wag6  corn 

27.9 
.2 

26.2 
LI 

111 

Share  <Toppf>r  com    . .                       

It 

Total  corn 

28L1 

27.3 

l&l 

Oats  for  grain     

1.9 

3.0 

11 

Wheat  and  rye  for  grain 

''\x 

CowDoa  hav  and  seed 

.1 
ft.9 
2.8 
1.8 
.2 
.8 
.2 
.8 
.6 
.3 
.8 

.4 

4.8 

i.0 

:l 

.1 
.2 

:l 
1 

Second  crop 

Ski 

other  hft V  and  forture ,  -  -  -  -  r  -               .-.,-.,  , 

Li 

Second  crop 

.1 

Peanuts , r ,  - ,.-,,.. 

.1 

Second  crop 

.1 

Sugarcane 

.1 

Sweet  notatoes .          .             

.4 

Watermelons 

.t 

Oarden  truck,  etc 

.4 

Tntftl  nottfln  and  oom    

93.4 
&5 

02.1 
7.9 
&2 

fill 

Total  all  other  crops 

7.1 

Total  ner  cent  of  croo  area  used  for  second  ctod 

CI 

«  Less  than  one- tenth  of  1  per  cent 
RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  FARM  RECEIPTS. 

Table  XVTII  shows  the  relation  of  size  of  farm  to  distributioii  of 
receipts  on  the  farms  operated  by  white  owners.  With  the  exception 
of  the  farms  of  the  smallest  size  and  largest  size  groups,  the  receipts 
from  cotton  and  seed  have  about  the  same  relative  weight  in  ail  the 
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size  groups.  The  smallest  size  group  has  the  greatest  diversity  of  re- 
ceipts, while  the  largest  size  group  has  the  least.  This  substantiates 
the  data  shown  in  Table  XVI,  which  brings  out  the  fact  that  the  men 
on  the  small  farms  devoted  less  area  to  cotton  and  more  to  the  raising 
of  diversified  crops. 

Of  these  160  farmers,  only  1  in  7  received  less  than  70  per  cent  of 
his  total  receipts  from  the  sale  of  cotton  and  seed,  while  over  one- 
fourth  the  number  had  over  90  per  cent  of  their  receipts  from  this 
one  source.  Cotton  ranges  from  76  per  cent  to  91  per  cent  of  the 
total  receipts  in  the  several  size  groups.  Only  9  men  received  more 
than  10  per  cent  of  their  total  receipts  from  the  sale  of  corn.  The 
receipts  from  this  source  range  from  1.5  per  cent  in  the  smallest  size 
to  3.7  per  cent  in  the  largest  size  group.  Nearly  all  the  grain  receipts 
are  from  the  sale  of  oats.  Thirty-two  farms  reported  the  sale  of  oats, 
but  on  28  of  these  the  receipts  from  this  source  were  less  than  10 
per  cent  of  the  total.  Very  little  hay  was  sold.  Twenty-five  farms,  a 
few  from  each  group,  reported  receipts  from  hay,  but  on  only  3  of 
these  farms  did  the  receipts  exceed  10  per  cent  of  the  total  sales. 
Fifty-nine  of  these  men  sold  cane  sirup,  but  the  receipt  from  this 
source  was  usually  below  5  per  cent  of  the  total  and  only  exceeded 
10  per  cent  on  2  farms.  Thirty -three  farmers  sold  a  few  sweet  pota- 
toes and  9  received  small  receipts  from  the  sale  of  fruit  or  nuts.  Mis- 
cellaneous crop  receipts  include  sales  on  a  few  farms  and  in  small 
amounts  of  cowpea  seed,  peanuts,  watermelons,  and  garden  products. 

Table  XVIII. — Relation  of  size  of  farm  to  type  of  farming,  as  indicated  hy 
sources  of  income  on  160  farms  operated  by  lohite  ovmers,  Sumter  County , 
Ga, 


Percentage  of  total  receipts  in  each  spedfled  tilled-acreage 
group. 

Sooroe  of  income. 

50  acres 
and  less 

(26 
&rnis). 

69.1 
7.1 

51  to  100 

acres 

(41 

farms). 

101  to  150 

acres 

(40 

farms). 

151  to  250 

acres 

(31 

fiarms). 

251(0  450 

acres 

(12 

farms). 

Over  460 

acres 

(11 

Darms). 

Cotton 

Cottonseed 

74.8 
9.6 

75.2 
10.5 

75.0 
10.1 

72.9 
12.2 

78.4 
12.6 

Total  cotton 

76.2 

84.4 

85.7 

85.1 

85.1 

90.9 

Com... 

1.5 
.5 
.9 

1.4 
.5 
.1 
.7 

2.5 
.8 
.5 
.8 
.3 

3.8 
.8 
.3 
.6 
.5 
.2 
.6 

3.7 
1.0 
1.0 
1.1 

(«) 

3.1 

2.0 

.6 

.5 

.6 

3.7 

flnriAll  arrftltui 

1.6 

Hay               

1  0 

.1 

Sweet  poutoes 

.2 

Pniit  and  nuts 

ICiffcellaneouff  cropn 

.7 

.6 

Total  crops 

81.8 

89.8 

92.5 

92.1 

92.6 

97.9 

Ttuvmiia  feed  and  mt>Dli<^ 

6.3 
3.4 

.8 
3.4 
2.2 

.1 

1.6 
1.8 

.5 
2.0 

.3 
2.4 
1.2 

1.3 
.4 

4!  7 
.2 

.3 

C^ttlf 

.3 
.6 
1.4 
.4 

(a) 

HOCB. 

2.3 
1.2 
(°) 

.3 

Poultry 

(a) 

Beesb 

Total  stock. 

9.9 
2.0 

5.3 
3.3 

6.9 
1.1 

5.4 
1.2 

2.7 
4.7 

.3 

1.5 

*  Less  than  one-tenth  of  1  per  cent.         "Two  farms  repoited  small  sales  from  bees. 
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The  receipts  for  practically  all  the  farm  crops  sold,  outside  of  cat- 
ton  and  seed,  are  of  a  local  nature,  as  very  few  of  these  crops  are 
shipped  out  of  the  county. 

The  increase  in  feed  and  supplies  represents  a  gain  in  the  amflBBi 
and  value  of  feeds  and  other  farm  supplies  at  the  end^  of  the  ynr 
over  that  on  hand  at  the  beginning  of  the  year.  This  item  was  <rf  do 
consequ^ice,  excepting  in  the  smallest-size  group,  where  an  in- 
creased amoimt  of  cotton  seed  was  held  over  for  seed,  feed,  and  fer- 
tilizing purposes.  The  receipts  from  crops  and  feed  and  supines 
constituted  over  98  per  cent  of  the  total  receipts  upon  the  farms  ii 
the  largest-size  group. 

The  receipts  from  the  sale  of  cattle,  hogs,  and  poultry  and  their 
products  were  relatively  of  more  importance  to  the  farmers  with  the 
smaller  farms.  Live  stock  and  products  ccmstituted  9.9  per  cent  of 
the  total  receipts  on  the  farms  in  the  smallest-size  group  and  less  than 
1  per  cent  in  the  largest-size  group.  As  a  general  rule,  above  the 
mules  necessary  for  carrying  on  the  farm  work,  only  enough  Utc 
stock  is  kept  to  use  up  the  feed  crops  raised  on  the  farm  that  hare 
no  sale  value. 

The  receipts  from  miscellaneous  sources  are  of  minor  importance 
and  vary  from  1.1  to  4.7  per  cent. 

Table  XIX  shows  the  relation  of  size  of  farm  to  the  distributi<m  of 

receipts  on  colored-tenant  farms.    Over  90  per  cent  of  the  total  farm 

sales  from  these  farms  comes  from  cotton  alone.    On  the  average. 

no  other  farm  receipt  equals  1  per  cent  of  the  total,  excepting  feed 

and  supplies  and  outside  labor.    No  variation  is  shown  between  the 

size  of  farm  and  distribution  of  receipts. 

Table  XIX. — Relation  of  9iz€  of  farm  to  distrihution  of  farm  receipts  on  1^ 
farms  operated  by  colored  tenants,  Sumter  County,  Ga. 


Peroentice  of  total  receipts  in  CMliipsd- 

Source  of  liioome.a 

60  acres 
and  less 

(96 
farms). 

51  to  100 

(68 
ftttins). 

O^i^i    TM 
fiihns).      *™>- 

82.3 
11.7 

83.0 
ILO 

83.4            8tf 

Cottonseed...          

11.4  •       a4 

Total  cotton 

93.9 

94.0 

94.8            HI 

Corn..  ..             

.2 

.2 

1.3               .1 

Pmfi-ll  gralnfl                                                     -, .  t  , , 

Hfty, '      '      .                                       -    - 

.2 

.1 
.3 
.4 
.1 
.4 

.1  '      (*) 

Oftnfl  *dnip. 

.2               .1 

Sweet  pototoes 

Fruit  and  nuts 

.1                J 
(k) 

Miscellaneous  crops 

.3 

(*)                    -i 

Total  crops 

94.8 

95.5 

96.5            Hi 

In<Teaso  in  feed  and  suDolies 

2.3 
.6 

2.4 

.4 

212             14 

Cattle 

.5              .1 

TInnw«i  ftnd  mill««            , 

Hogs 

.1        (*) 

Poultry 

.4 

.8 

!2             s 

Total  stock 

1.0 
1.9 

.7 
1.4 

.8               S 

Outside  labor , 

5             LS 

•  landlord's  and  tenant's  receipts  oombine<1. 


^  Less  tbao  one- tenth  of  1  per  ceaL 
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RELATION  OF  SIZE  OF  FARM  TO  DISTRIBUTION  OF  EXPENSES. 

Table  XX  shows  the  relation  of  size  of  farm  to  the  distribution 
of  expenses  on  the  farms  operated  by  white  owners.  The  larger 
the  size  of  business,  the  greater  becomes  the  expense  for  different 
things,  even  though  the  proportion  may  be  constant.  The  average 
expense  for  labor  outside  that  performed  by  the  operator  was  $196 
per  farm  in  the  smallest-size  group  and  $5,412  in  the  largest-size 
group.  About  one-half  of  the  labor  expense  on  the  largest  farms 
was  for  share  croppers.  In  all  the  size-groups,  except  the  first,  the 
expense  for  labor  was  over  50  per  cent  of  the  total  farm  expendi- 
tures. This  low  labor  cost,  so  noticeable  in  the  smallest-size  group, 
and  also  showing  to  some  extent  in  the  51  to  100  acre  group,  is  due 
to  these  farms  being  of  such  size  that  the  operator  did  all  or  a  part 
of  the  work  of  a  laborer.  After  these  farms  become  of  such  size 
(about  100  tilled  acres)  that  the  operator's  time  is  mostly  taken  up 
in  the  general  supervision  of  the  business,  the  expense  for  labor  is 
higher  and  quite  uniform.  The  small  farms  furnish  a  greater 
amount  of  family  labor  than  the  large  farms,  but  this  difference  is 
offset  by  the  fact  that  the  larger  farms  hire  more  wage  hands. 

The  machinery-repair  charge  is  considerably  higher  on  the  larger 
farms,  chiefly  because  these  farms  maintain  more  numerous  and  more 
expensive  implements  than  do  the  smaller  farms.  The  building- 
repair  expense  runs  quite  uniform  in  all  the  groups,  but  repairs  of 
fences  are  rdatively  higher  upon  the  smaller  farms. 

Table  XX. — The  relation  of  size  of  farm  to  distribution  of  farm  expenses  on  160 
farms  operated  by  white  owners^  Sumter  County,  Ga. 


Percentage  of  fieom  expenses  in  each  specified  tilled  acreage 
group. 

Item  of  expense. 

60  acres 
and  less 

(25 
farms). 

51  to  100 

acres 

(41 

fiirms). 

101  to  150 

acres 

(40 

f^urms). 

151  to  250 

acres 

(31 

farms). 

251  to  450 

acres 

(12 

farms). 

Over 
450  acres 

(11 
farms). 

Warn  hands - 

6.4 

.  2.6 

21.4 

16.2 

8.6 
6.5 
81.8 
4.7 

7.9 
4.2 
42.7 
3.0 

12.2 
5.7 

37.8 
1.9 

15.9 

8.0 

29.7 

.5 

15.4 

Cotion  picking  and  chopping  (extra  labor) . 
Share  croppers 

9.7 
30.5 

Family  lalw. 

Total  labor 

45.6 

51.6 

57.8 

67.6 

54.1 

65.6 

Repairs: 

Machinery...         

.5 
2.6 
4.3 

.7 

.9 
6.4 

.3 
(«) 
2.2 

6.7 
20.3 

4!  7 
Z.S 

'.s 

.9 

3.6 

.9 

.3 

.6 
2.1 
.4 
.2 
1.1 

10.3 

17.1 

.2 

5.1 

.1 

.3 

3.1 

1.2 

.9 

.6 

1.8 

.4 

.3 

.4 

2.9 

.2 

.2 

.8 

15.9 
9.0 

.4 
5.0 

.2 

.3 
2.5 
1.0 

.3 

1.0 

2.0 

.6 

.4 

.7 
1.7 
.2 
.2 
1.1 

12.6 

12.4 

.4 

4.6 

.1 

.5 

2.5 

1.1 

.8 

1.3 

3.0 

.4 

(«) 

.6 
1.3 
.3 
.2 
.4 

11.2 

17.6 

.3 

5.1 

.2 

.5 

2.4 

.4 

.7 

2  7 

Buildings 

2  2 

Fences "         

3 

F^^ 

Hay,  etc 

2 

Grain,  etc 

1  1 

Horseshoeing 

1 

Bref^ing  fe«i  and  veterinary . .       

1 

Be^^  aiw|  plants .', , 

8 

Fertiliajr: 

14  8 

ii^fJ^Hfl^d 

14  5 

Thrashing  and  twine    

2 

Ginning,  Ibags,  ties,  etc 

3  9 

Machine  hire,  fuel, 'and  oil 

6 

Tmarance . 

1 

Taxec .      

I  8 

Interest  on  loan 

8 

lljjQgHftn^ffly  ^  ,  ,                             

,7 

a  Less  than  one-tenth  of  1  per  cent. 
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The  purchase  of  feed  is  a  small  item  of  expense  when  considering 
all  these  farms  together,  but  in  this  study  of  the  farms  in  the  sev^ 
size-groups  most  of  the  feed  that  is  purchased  is  bought  by  the 
smaller  farms  and  consists  chiefly  of  grain  and  concentrate  feeds. 

The  cost  of  fertilizer  was  $112  per  farm  for  the  smallest-size  group 
and  $3,032  for  the  largest-size  group.  The  larger  farms  hare  tk 
higher  percentages  of  expenses  for  fertilizer.  This  is  in  accord  witii 
Table  XVI,  which  shows  that  these  large  farms  raise  more  cotton. 
Practically  all  the  small  farmers  hire  their  cotton  ginning  dooe. 
while  many  of  the  farmers  on  the  large  farms  own  gins.  The  outlay 
per  bale,  however,  is  about  the  same  in  either  case,  when  the  expe» 
for  cloth,  ties,  interest,  depreciation,  etc.,  are  all  considered. 

Taxes  are  proportionately  higher  upon  the  small  farms,  ranging 
from  3.5  per  cent  for  the  smallest-size  group  to  1.6  per  cent  for  the 
largest-size  group.  The  interest  charge  on  the  loan  for  carrying  oo 
the  farm  business  during  the  year  is  of  only  minor  importance  when 
compared  with  cash  expenses  as  a  whole. 

Table  XXI. — Relation  of  size  of  farm  to  distribution  of  farm  expenses  om  JS$ 
farms  operated  by  colored  tenants,  Sumter  County,  Ga. 


Itemofexpense.a 


Percentage  of  fanii 
in  each  specified  " 
age  group. 


50  acres 
and  less 

(96 
farms). 


51  to  100    af«rM9 


(68 
farms). 


m 


Wage  hands 

Cotton  picking  and  chopping  (extra  labor). 

Share  croppers 

Family  lau)r 


Total  labor. 


Repairs: 

Machinery 

Buildings 

Fences 

Terracing 

Feed: 

Hay,  etc 

Grain,  etc 

Horseshoeing 

Breeding  fees  and  veterinary., 

Seeds  and  plants 

Fertiliser: 

Croppers 

Wage  land 

Thrashme  and  twine 

Ginning,  bags  and  ties 

Machine  hire,  fuel  and  oil 

Insurance 

Taxes 

Interest  on  loan 

Miscellaneous 

Mule  hire 


2.1 

4.5 

.6 

90.2 


37.4 


.6 
.3 
.7 
.5 

2.2 

6.4 

.2 

.2 

1.4 

.2 
32.9 


7.6 


(*) 


.1 
4.5 
3.5 


(») 


1.3 


4.3  i 
3.7 
4.0' 
34.4  ' 


46.4 


.9 
1.3 
.4 
.2 

1.7 

4.3 

.2 

.1 

1.0 

1.7 

27.8 

(*) 

7.4 

.1 

3.4 
2.4 

(*) 
.7 


&3 
II 

AS 


SLI 


L4 
IS 


19 

mo 


(») 


"  Landlord's  and  tenant's  expenses  combined. 


^  Less  than  one-tenth  of  1  per  cent 
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In  Table  XXI  is  shown  the  relation  of  size  of  farm  to  distribution 
of  expenses  on  186  colored-tenant  farms.  It  will  be  observed  that, 
with  the  exception  of  a  little  labor  in  "  chopping  "  and  picking  cotton, 
all  the  labor  on  the  farms  of  50  or  less  tilled  acres  is  performed  by 
the  operator  and  his  family.  Even  on  the  farms  between  50  and  100 
tilled  acres  the  operator  and  his  family  did  the  greater  portion  of  the 
work.  On  the  farms  above  100  tilled  acres  in  size  the  labor  expense 
was  63  per  cent  of  the  total  expenses.  Most  of  the  additional  labor 
necessary  in  operating  the  large  farms  is  performed  by  share  crop- 
pers. TTiese  men  buy  considerable  feed,  purchases  averaging  2  per 
cent  for  roughage  and  5  per  cent  for  grain  feeds.  Practically  all  this 
purchased  feed  is  for  the  keep  of  work  mules,  as  the  mule  represents 
about  all  the  stock  of  the  farm  of  this  type,  aside  from  a  cow  and  a 
few  chickens.  This  item  seenis  to  be  most  important  upon  the  very 
small  farms. 

The  expense  for  fertilizer  is  30  per  cent  of  the  total.  This  expense 
averaged  $100  per  farm  in  the  smallest-size  group  and  $406  in  the 
largest-size  group.  Many  of  the  tenants  have  little  or  no  capital  free 
from  mortgage,  and  in  order  to  purchase  fertilizer  on  credit  they  are 
c<nnpelled  to  pay  exorbitant  prices  to  cover  the  greater  risk.  The  ex- 
pense for  taxes  averaged  4.5  per  cent  upon  the  smallest-size  group 
and  2.9  per  cent  on  the  largest-size  group.  Practically  all  the  tenants 
borrow  money  for  the  payment  of  operating  expenses  and  pay  rather 
high  interest  rates.  This  item  ranges  from  3.5  per  cent  of  the  total 
cash  expenses  in  the  smallest-size  group  to  2.2  per  cent  on  the  largest- 
size  group.  Labor  and  fertilizer  constitute  three-fourths  of  the  total 
expenses  of  the  186  farms. 

RBLATION  OF  SIZE  OF  FARM  TO  YIELD  OF  CROPS. 

In  Table  XXII  is  shown  the  relation  between  size  of  farm  and 
yield  of  crops  on  the  160  white-owner  farms. 

In  a  region  devoted  strictly  to  crop  farming,  and  especially  where 
the  area  devoted  to  one  intensive  crop,  as  cotton,  occupies  over  one- 
half  of  the  available  crop  land,  the  yield  and  price  received  for  this 
crop  becomes  of  first  importance  in  relation  to  profits.  The  yield  of 
cotton  is  so  closely  associated  to  farm  profits  that  the  large  farmer  as 
well  as  the  small  farmer  is  striving  for  maximum  yields.  It  will, 
therefore,  be  noticed  from  Table  XXII  that  size  of  farm  does  not 
materially  influence  the  yield  of  cotton. 

The  yield  of  com  varies  in  the  several  size  groups,  with  a  tendency 
to  somewhat  higher  yields  upon  the  large  farms.  The  three  smaller 
size  groups  are  each  below  the  average,  15  bushels,  while  the  three 
larger-size  groups  are  each  above  that  average. 
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In  a  comparison  of  the  yield  of  oats  for  grain,  the  large  farms 
to  have  a  slight  advantage. 

Table  XXII. — Relation  of  size  of  farm  to  yield  per  acre  of  crops  on  160  ft 
operated  by  white  oumcra,  Sumter  County,  Oa.^ 


Yield  of  eropa  per  acre  in  eedi  specifted  tOied  acrae^  pw^L 

Crop. 

50  acres 
and  leas 

51  to  100 
acres. 

101  to  150, 151  to  250  251  to  450  Oyer  450 
acres.      acres.      acres.      acna. 

TbM. 

W«g©  cotton 

bale.. 

do.... 

do.... 

....busheb.. 

0.60 
.52 

0.58 

.57 

0.62 
.54 

0.68 
.56 

0,55 
.50 

0.63 
.50 

Total  cotton 

■    .51 

.57 

.56 

.60 

.53 

.55 

.% 

Watfwcorn 

13 
14 

13 

14 
11 

19 
14 

18 
16 

19 
14 

H 

8har«-cropper  corn 

do.... 

do.... 

do.... 

ton.. 

....buaheb.. 
gallons.. 

n 

Total  corn 

13 

12 

13 

17 

17 

16 

tt 

Oats  for  grain 

Ck>wpeahav 

Sweet  potatoes 

Canesmip 

112 
176 

24 

.66 
112 
161 

22 

.83 
08 
154 

24 

.88 
03 
261 

31 

.67 
100 
166 

29 

.63 
117 
135 

.3 
US 
19 

There  is  such  a  wide  range  of  method  in  managing  the  cowpa 
crop  that  it  is  hard  to  make  a  comparison  of  the  yields  on  farms  of 
different  size^  In  this  area  cowpeas  are  most  commonly  grown  after 
winter  oats  or  other  grains  and  used  for  hay,  while  the  crop  for  seed 
is  usually  grown  between  the  com  rows.  Table  XXII  shows  that 
on  the  average  these  men  harvested  about  three- fourths  of  a  ton  per 
acre  of  this  crop  and  that  the  size  of  the  farm  had  no  appreciable 
bearing  upon  the  yields  received. 

Sweet  potatoes  were  raised  for  home  use  on  a  majority  of  Uk 
farms,  but  the  yield  was  not  affected  in  any  way  by  the  size  of  the 
farm.    The  yield  ranged  from  93  to  117  bushels  per  acre. 

The  growing  of  sugar  cane  was  mostly  for  home  use.  This  crop 
averaged  one-half  acre  per  farm,  yielding  at  the  rate  of  181  gallons 
of  cane  sirup  per  acre,  and  showed  a  wide  range  in  jrield  for  the 
different  groups. 

The  larger  farms  devoted  relatively  more  land  to  cotton  and  neces- 
sarily used  more  fertilizer  per  tilled  acre,  which  undoubtedly  is  the 
big  factor  in  returning  them  the  larger  yields  they  received  from 
some  of  the  important  crops  other  than  cotton. 

In  Table  XXIII  is  shown  the  relation  between  size  of  farm  and 
yield  per  acre  of  crops  on  the  186  colored-tenant  farms. 

Cotton,  with  very  little  variation  in  the  several  size  groups,  yielded 
an  average  of  0.42  bale  per  acre.  On  the  average,  these  men  had  3S 
acres  of  cotton.  If  they  had  gotten  the  same  yield  as  tlj^  whhe 
owners,  they  would  have  had  5  more  bales  of  cotton  per  farm. 
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Table  XXIII. — Relation  of  size  of  farm  to  yield  per  acre  of  crops  on  186  farms 
operated  by  colored  tenants,  Sumter  County,  Oa, 


Crop. 

Yield  per  acre  of  crops  in  each  specified 
tilled  acreage  group. 

50  acres 
and  less. 

51  to  100 
acres. 

Over  100 
acres. 

Total. 

Wage  cotton 

Share-cropper  cotton 

bales.. 

do.... 

do.... 

bushels.. 

do.\. 

do.... 

do.... 

0.40 
.43 

0.43 
.43 

0.44 
.41 

0.42 
.41 

Total  cotton 

.41 

.43 

.43 

.42 

Wage  com 

Share-cropper  com 

8 
6 

9 
9 

8 
9 

9 
9 

Total  corn 

8 

9 

9 

9 

OaIx  tormin 

10 

.50 
68 
116 

17 

.66 
94 
131 

16 

.40 
59 
175  . 

16 

Cowpeahay 

tons.. 

.52 

Sweet  potatoes 

Canes&up , 

bushels.. 

gallons.. 

79 
188 

There  was  an  average  of  16  acres  of  com  per  farm,  with  a  yield  of 
only  9  bushels  per  acre.  If  their  average  yield  had  been  as  higk  as 
that  of  the  owners  shown  in  Table  XXII  these  men  would  have 
averaged  nearly  100  more  bushels  of  com  for  farm  and  home  use. 
This  would  have  reduced  their  feed  bill,  shown  in  Table  XXI,  con- 
siderably. Cotton  and  com,  as  shown  in  previous  tables,  occupied 
over  90  per  cent  of  the  crop  area  worked  by  these  tenants,  and  many 
of  them  had  practically  all  their  tilled  area  in  these  two  crops. 

A  total  of  50  acres  of  sweet  potatoes,  or  a  little  over  one-fourth 
acre  per  farm,  were  raised  by  the  tenants,  with  an  average  yield  of 
79  bushels  per  acre. 

An  average  of  less  than  one-fourth  acre  of  sugar  cane  was  grown, 
with  a  yield  of  138  gallons  of  cane  sirup  per  acre. 

Oats  for  grain  were  not  grown  so  generally  by  the  colored  as  by 
the  white  farmers.  The  oats  that  were  cut  for  grain  averaged  less 
than  1  acre  per  farm,  with  a  yield  of  about  16  bushels  per  acre. 
Eighty  per  cent  of  the  oats  raised  by  these  farmers  was  cut  for  hay, 
with  an  average  yield  of  0.66  ton  per  acre.  There  was  an  average 
of  about  2  acres  of  cowpeas  for  hay  grown  on  these  farms,  which 
yielded  0.52  ton  per  acre. 

The  size  of  the  farm  operated  by  these  tenants  has  very  little 
bearing  on  method  of  operation  or  yields  received.  By  only  a  slight 
change  in  the  management  of  these  farms  they  could  be  made  to 
return  adequate  forage  and  grain  crops  for  farm  and  home  use. 
While  about  10  per  cent  of  these  men  operate  farms  with  poorer  soil, 
the  unproductive,  impoverished  condition  of  much  of  the  land  they 
farm  is  due  largely  to  the  continuous  growing  of  poor  crops  of  cotton 
on  the  same  soil  year  after  year  by  the  use  of  commercial  fertilizer 
and  without  the  addition  of  anything  to  the  soil  in  the  way  of  veg- 
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etable  matter.  It  is  also  quite  probable  that  by  using  better  Ett- 
chinery  and  practicing  better  tillage  methods  the  yields  could  be 
raised  considerably. 

RELATION  OF  SIZE  OF  FARM  TO  TYPE  OF  MACHINERT  USED. 

Twenty-'flve  farms  with  50  tiUed  acres  or  less, — On  these  fam^ 
there  were  usually  found  a  one  or  two  horse  wagon,  1  to  4  one-horse 
plow  stocks,  a  cotton  planter,  plow  and  wagon  gears  for  the  work 
stock,  and  necessary  hand  tools.  In  addition  to  these  items,  two- 
thirds  of  these  farms  had  one  or  two  horse  turning  plows,  one-hilf 
had  one-horse  fertilizer  distributors,  and  3  farms  each  had  a  mower 
and  hay  rake.  It  was  only  an  occasional  farm  that  had  any  culti- 
vating tools  other  than  plow  stocks. 

Forttj'One  farms  with  51  to  100  tilled  acres. — One-half  of  ihest 
farms  liad  more  than  1  wagon,  usually  a  one-horse  and  a  two-horse 
wagon.  Practically  all  had  a  two-horse  turning  plow,  and  an  oca- 
sional  farm  had  2.  In  addition  to  the  two-horse  plows,  about  ooe- 
third  of  these  farms  had  one-horse  plows.  Of  the  cultivating  to(ds. 
every  farm  had  one-horse  plow  stocks,  and  3  farms  had  two-horae 
stocks.  In  addition  to  plow  stocks,  one-third  of  them  reported  otl^r 
types  of  one-horse  cultivating  tools,  and  1  farm  had  a  two-horse 
cultivator.  One-half  of  these  farms  had  two-horse  harrows,  usoaDj 
a  disk,  but  occasionally  a  spike-tooth.  One-half  had  each  a  mower 
and  hay  rake,  and  5  reported  grain  binders. 

Seventy-one  farms  with  101  to  £50  tilled  acres. — ^The  one-hixse 
plow  stock  is  found  on  every  farm  in  this  group,  but  other  one-horse 
cultivating  tools  are  of  more  frequency  than  in  the  groups  alreadj 
discussed,  and  1  in  10  had  a  two-horse  cultivator.  Mowers,  hay  rakes, 
and  harrows  were  found  ^n  two-thirds  of  the  farms.  One  out  of 
every  2  farms  reported  grain  binders.  Some  items  of  machinery  not 
found  on  the  smaller  farms  occur  with  more  or  less  frequenqr  ot 
farms  of  this  size.  Twelve  farms  had  engines,  7  had  hay  presses. 
3  had  wood  saws,  2  had  feed  grinders,  2  had  pea  hullers,  1  had  * 
manure  spreader,  and  1  a  lime  spreader. 

Twenty-three  farms  with  251  tilled  acres  and  over, — ^The  difference 
in  type  of  machinery  found  on  these  farms  from  that  on  the  farms 
of  100  acres  and  less  is  quite  marked.  While  the  single-plow  stoci 
is  in  general  use  on  farms  of  all  sizes,  there  is  an  increase  in  the  use 
of  other  one-horse  cultivating  tools  and  in  the  use  of  two-hoia 
cultivators  on  the  large  farms.  Seventy  per  cent  of  these  large  farms 
reported  numerous  one-horse  cultivating  tools  other  than  plow  stocks, 
and  over  one-fifth  of  them  had  two-horse  cultivators.  Practicallj 
all  the  farms  had  harrows,  mowers,  rakes,  and  grain  binders.  One 
in  3  farms  had  sulky  plows  and  3  had  tractor  plows.  Three- fourths 
of  them  had  engines  and  several  had  stump  pullers. 
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EBLATION  OF  SIZB  OF  FARM  TO  THE  EFFICIENT  USE  OF  LABOR,  BfULES,  AND 

MACHINERY. 

In  Table  XXIV  is  shown  the  effect  size  of  farm  has  upon  the  effi- 
cient use  of  labor,  mules,  and  machinery  in  this  area.  The  percent- 
age increase  of  the  cotton  area  is  of  importance  in  its  relation  to  the 
value  of  labor  per  tilled  acre  on  the  different  size  farms.  The  very 
small  farms  had  but  46  per  cent  of  the  tilled  area  in  cotton,  while  the 
very  large  farms  had  64  per  cent.  With  but  one  exception  each 
size-group  had  a  greater  percentage  of  its  tilled  area  devoted  to 
cotton  than  the  next  smaller-size  group.  The  value  of  labor,  averag- 
ing $11.79  per  acre,  is  rather  uniform  in  all  the  size-groups,  but 
when  we  consider  that  cotton  requires  a  greater  amount  of  labor 
per  acre  than  most  other  crops  raised  in  this  section,  the  superior 
efficiency  of  the  large  farms  over  the  small  farms  in  the  use  of  labor 
is  seen.  With  practically  the  same  amount  of  labor  per  tilled  acre, 
the  very  large  farms  have  18  per  cent  more  of  their  area  in  cotton. 

Table  XXIV. — Relation  of  size  of  farm  to  various  factors  of  efficiency  on  160 
farms  operated  by  white  oicners,  Sumter  County^  On, 


Tilled  acreage  groups. 

Ptetorofeffioiezicy. 

50  acres 
and 
less 
(25 

farms). 

51  to 

100 

acres 

(41 
farms). 

101  to 

150 
acres 

(40 
farms). 

161  to 

250 

acres 

(31 

iarms). 

251  to 

450 

acres 

(12 

farms). 

Over 

450 

acres. 

Total 

(100 

farms). 

Per  cent  of  tilled  area  in  cotton 

46 

$11.23 

10 

11 

S2.40 

48 

$11.32 

12 

12 

$2.40 

52 

$12.00 

14 

12 

$2.18 

67 

$12.60 

16 

11 

$2.33 

57 

$10.97 

16 

11 

$2.59 

64 

$11.58 

19 

10 

$2.61 

57 

Value  of  bibor  per  tilled  acre 

$11.79 

Number  of  acres  o(  cotton  per  mule 

16 

Number  of  acres  of  other  crops  per  mule 

Value  of  maehinery  per  tilled  acr« 

11 
$2.43 

Another  example  of  increase  in  efficiency  as  the  farms  increase  in 
size  is  furnished  by  the  work  stock.  On  the  smallest  farms  1  mule 
works  10  acres  of  cotton  and  11  acres  of  other  crops.  As  the  farms 
increase  in  size  the  number  of  acres  of  cotton  per  mule  increases  and 
the  number  of  acres  of  other  crops  remains  about  constant  until  on 
the  very  large  farms  1  mule  works  19  acres  of  cotton  and  10  acres 
of  other  crops.  Thus  a  mule  on  any  size  farm  works  practically 
the  same  number  of  acres  of  feed  and  home-supply  crops,  but  on 
the  very  large  farms  works  almost  twice  as  many  acres  of  cotton  as 
the  mule  on  the  very  small  farms. 

The  value  of  machinery  per  tilled  acre  shows  but  little  variation. 
There  is  some  difference  in  the  type  of  machinery  found  on  different 
size  farms,  but  the  large  farms  are  enabled  to  use  a  considerable 
amount  of  improved  and  labor-saving  machinery  with  no  greater 
investment  per  tilled  acre  than  that  found  on  the  small  farms. 
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DIVERSITY  OF  FARM  RECEIPTS. 

The  tables  previously  discussed  with  reference  to  tenure  and  size 
of  farm  have  shown  that  cotton  raising  is  the  major  enterprise  of 
this  district  and  that  receipts  from  this  crop  represent  nearly  90 
per  cent  of  the  income  on  all  the  farms.  In  a  study  of  the  160 
farms  operated  by  owners  only  12  had  less  than  60  per  cent  of  their 
total  receipts  from  the  sale  of  cotton,  while  three-fourths  had  over 
80  per  cent  of  their  income  from  this  one  source. 

Of  the  12  farmers  with  under  60  per  cent  of  total  receipts  fpwn 
cotton,  6  raised  diversified  crops  with  cotton  as  the  leading  cadi 
crop  and  hogs  as  the  leading  live-stock  enterprise.  These  men 
bought  very  little  feed.  The  farms  had  an  average  of  121  tilled 
acres  and  returned  an  average  labor  income  of  $239.  Two  farmes 
got  nearly  40  per  cent  of  their  total  receipts  from  the  sale  of  dairy 
cattle  and  their  products.  They  raised  only  small  areas  of  cotton 
and  instead  devoted  most  of  their  crop  lands  to  raising  com,  grain, 
and  hay  crops.  One  had  118  acres  of  crops,  9  cows,  1  bull,  4  horses, 
4  brood  sows,  and  375  chickens.  Besides  supplying  roughage  for  his 
live  stock,  his  receipts  from  crops  and  other  farm  sales  were  as  fol- 
lows: Cotton,  $200;  corn,  $25;  sweet  potatoes,  $50;  watermelons, 
$150;  fruit  and  nuts,  $60.  From  the  9  cows  he  sold  butter  at  S5 
cents  per  pound  to  a  retail  trade,  averaging  $95  per  head,  b^des 
receiving  a  good  return  from  the  sale  of  buttermilk.  With  4  sows 
the  receipts  from  hogs  were  $233 ;  375  hens  returned  $617  from  tiic 
sale  of  young  chickens  and  eggs.  He  operated  this  farm  with  the 
help  of  two  wage  hands,  hired  for  6  months,  and  made  a  labor  in- 
come of  over  $1,000.  The  other  farm  was  much  smaller,  only  having 
42  acres  of  well-diversified  crops  and  with  48  per  cent  of  the  receij^ 
from  cows,  hogs,  and  poultry.  This  farmer  operated  with  one  wage 
hand  6  months  in  the  year  and  got  nearly  $500  for  his  year's  labor. 

The  only  other  farmer  found  following  a  type  of  farming  diff»^ 
from  that  of  the  so-called  "  cotton  farmer  "  was  one  operating  a  large 
business  with  a  great  diversity  of  income.  This  farm  contained  268 
acres  of  crops,  of  which  20  per  cent  was  devoted  to  cotton,  31  per  cent 
to  com,  25  per  cent  to  grain,  23  per  cent  to  cowpea  hay,  and  3  acres  to 
sugar  cane.  Ground  peas  were  grown  in  the  corn.  The  crop  yields 
on  this  farm  as  compared  with  all  the  farms  studied  were  excellaKt. 
The  farm  sales  were  as  follows:  Cotton,  $3,743;  com,  $1,060;  grain, 
$1,040;  hay,  $874;  cane  sirup,  $810;  pork,  $925;  other  stock,  S&i 
Of  this  man's  grain  sales,  $1,000  was  from  the  sale  of  1,000  bushels  of 
oats  for  seed.  Aside  from  some  corn,  his  hogs  were  practically  raised 
and  fattened  upon  ground  peas.  This  farm  was  operated  with  the 
help  of  three  wage  hands  and  one  cropper  family,  and  $600  exiot 
labor.  It  returned  the  operator  a  labor  income  of  $4,468.  This  wis 
the  only  well-diversified  farm  found  in  this  study.    The  returns  this 
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man  received  were  dependent  upon  the  demands  from  local  markets. 
A  return  of  $1  per  bushel  for  com,  $1  per  bushel  for  oats,  and  $23 
per  ton  for  hay  is  much  more  than  these  crops  could  command  if 
many  more  were  to  grow  them  for  the  same  market. 

A  farm  representative  of  the  cotton  type  was  found  which  is  quite 
comparable,  as  to  size  and  soil  type,  with  the  diversified  farm  just 
mentioned.  This  farm  contained  243  acres  of  crops,  of  which  62  per 
cent  was  in  cotton,  25  per  cent  in  com,  6  per  cent  in  oats,  5  per  cent  in 
cowpea  hay,  and  2  per  cent  in  other  crops.  Yields  were  relatively 
high.  The  farm  sales  were  as  follows -.'Cotton  and  seed,  $8,700;  com, 
$250;  oats,  $22 ;  sirup,  $50;  pork,  $225 ;  wood,  $400.  It  was  operated 
with  the  help  of  six  wage  hands  and  two  croppers'  families  and  $800 
extra  labor.  It  returned  the  operator  a  labor  income  of  $4,344.  This 
farm  represents  a  typical  cotton  farm  of  this  region  operated  under 
excellent  management.  Under  its  high  state  of  efficiency  the  cost  of 
producing  cotton  was  below  7  cents  per  pound.  Cotton  could  be  sold 
from  this  farm  with  its  present  yields  at  10  cents  per  pound  and  still 
return  the  operator  over  $2,000  labor  income. 

The  fact  that  only  one  farmer  in  the  entire  area  is  practicing 
strictly  diversified  farming  is  an  indication  that  care  should  be  exer- 
cised in  contemplating  changes  to  this  type.  The  cotton  type  of  farm- 
ing has  been  practiced  for  many  years  in  this  region  and  has  doubt- 
less become  a  much  easier  type  of  farming  for  most  of  these  farmers 
to  follow  than  would  a  type  involving  a  greater  degree  of  diversity. 
They  have  become  skilled  in  the  economic  use  of  capital  and  labor  for 
the  production  of  this  crop  and  at  the  same  time  maintaining  soil 
fertility.  The  small  amount  of  capital  owned  by  many  of  these 
farmers  will  go  further  when  invested  in  one  enterprise  than  when 
distributed  among  many.  This  type  has  advantage  also  in  that  it  per- 
mits the  use  of  very  large  fields,  which  greatly  facilitates  the  use  of  the 
great  amount  of  labor  involved  in  the  operation  of  farms  of  this  type. 

On  the  other  hand,  diversified  fanning  gives  better  insurance 
against  total  failure  and  will  lend  to  the  eradication  of  the  crisis  of 
the  boll  weevil  which  is  now  invading  the  county.  When  properly 
organized  it  gives  opportunity  to  use  land,  labor,  mules,  and  machin- 
ery effectively  throughout  the  year.  The  income  is  usually  more 
evenly  distributed  than  that  from  cotton,  thus  making  it  easier  for 
the  farmer  to  operate  on  a  cash  basis  during  the  spring  and  summer 
months,  when  money  is  needed  for  paying  farm  expenses.  Failures 
are  often  due  to  conditions  over  which  the  farmer  has  no  control, 
such  as  climate,  markets,  or  pests.  If  a  farmer  is  raising  several 
important  crops  they  are  not  all  liable  to  fail  in  any  one  year. 

This  also  lends  itself  to  the  establishment  of  a  crop  rotation.  A 
well-planned  rotation  designed  for  the  improvement  of  the  soil  and 
the  increased  production  of  the  crops  should  be  the  aim  of  all  these 
farmers.    This  not  only  supplies  ample  farm  feeds,  but,  more  im- 
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portant  still,  aids  materially  in  increasing  the  production  of  the  main 
money  crop.  For,  after  all,  cotton  is  the  staple  crop  of  the  re^on 
and  the  general  scheme  of  farming  must  always  be  shaped  with  the 
welfare  of  the  cotton  crop  in  view. 

THE  RELATION  OF  SIZE  OF  FARM  AND  YIELD  PER  ACRE  OF 
COTTON  TO  PROFITS. 

The  two  factors  which  more  than  all  others  influence  profits  on 
these  farms,  providing  a  normal  price  is  received  for  cotton,  are 
size  of  farm  and  yield  of  cotton  per  acre.  While  farmers  are  not  al- 
ways in  a  position  to  increase  the  size  of  their  farms,  Table  XXV 
shows  the  possibilities  many  of  them  have  of  increasing  their  profits 
quite  materially  by  getting  higher  yields  per  acre.  Along  with  these 
two  factors,  however,  are  interrelated  many  others  of  importance, 
but  when  the  farms  are  grouped  on  the  basis  of  these  two  outstand- 
ing factors  the  others  seem  to  bring  about  in  each  group  the  same 
relative  results.  The  yield  per  acre  of  cotton  is  of  great  importance 
to  all  these  farmers,  but  the  chance  for  the  greatest  inmiediate  in- 
crease in  profits  is  for  the  men  who  are  getting  poor  yields  on  the 
large  areas. 

Table  XXV. — Relation  of  }<ize  of  farm  and  yield  of  cotton  per  acre  to  labor  in- 
eonie  on  ^68  irfiite  oinier,  owner  additionAil^  and  oicner  part  rented  out  famUt 
Sumter  Count u,  Oa. 


Number  of  farms  and  average  labor  income  in  each  specified  yield  of  ooltoB 
per  acre  groups. 

Tilled  acreage  groups. 

Ono-halfbale     I  One-half  to  two- 
and  less.        '      thirds  bale. 

Over  two-thirds 
bale. 

TotaL 

Number 

of 
farms. 

Avwage 

labor 
Income. 

Number  Average 

of      1    labor 
farms,    income. 

Number 

of 
farms* 

Average 

labor 

income. 

Nomber 

of 
farms. 

Av«nflB 

labor 

incomi. 

HXt'iicrPs  nnd  less 

43 
o  32 

120 

XI          3ns 

24 
25 
13 

604 
1,721 
4,649 

100 
103 
65 

275 

Ull  to  2".()  acres 

493                  4A                7iQ 

881 

Over  250  iK'res ^.. 

30           430  '           23        3,i59 

2,197 

All  farms 

lOo         .^1  1        101       i.iao 

62 

1,864 

268 

975 

' 

*»  One  of  these  farms  is  a  dairy  farm  with  high-quality  cows. 

In  regard  to  the  farmers  with  100  or  less  tilled  acres  per  farm  it 
will  be  observed  that  these  men  with  cotton  yields  of  one-half  bale 
or  less  per  acre  made  an  average  labor  income  of  only  $120,  while 
with  the  same  size  farms  the  men  with  cotton  yielding  over  two- 
thirds  of  a  bale  per  acre  made  an  average  labor  income  of  $504. 

Out  of  the  103  farm  operators  with  101  to  250  tilled  acres  per 
farm,  there  were  one-third  with  yields  of  cotton  of  one-half  bale  or 
less  per  acre  and  their  average  labor  income  was  $423.  With  farms 
of  the  same  size  the  men  with  cotton  yielding  over  two-thirds  of  a 
bale  per  acre  made  labor  incomes  averaging  $1,721. 

This  same  trend  holds  good  for  the  farmers  with  over  250  tilled 
acres  per  farm.    The  farms  of  the  group  producing  the  lowest  yields 
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of  cotton  returned  their  operators  an  average  labor  income  of  but 
$430.  Where  the  cotton  yields  were  over  two-thirds  of  a  bale  per 
acre,  these  large  farms  brought  their  operators  an  average  labor  in- 
come of  over  $4,000.  The  possibility  for  a  larger  volume  of  busi- 
ness on  these  larger  farms  gives  greater  opportunity  to  increase 
profits  by  increasing  yields  than  does  the  limited  business  of  the 
small  farm. 

Table  XXV  is  strikingly  interesting  in  that  it  brings  out  the  fact 
that  even  though  the  larger  farms  do  make  much  higher  incomes 
on  the  average,  many  of  them  yield  little  or  no  income.  Size  of  busi- 
ness is  undoubtedly  a  big  factor  in  successful  farming,  but  it  is 
just  as  big  a  factor  in  failure.  The  large  business  conducted  without 
attention  to  yield  of  crops  and  management  of  labor  may  result  in 
loss  proportionate  to  the  size  of  the  business. 

In  Table  XXVI  the  relation  of  size  of  farm  and  yield  of  cotton 
per  acre  to  labor  income  is  shown  for  the  colored  tenants. 

Table  XXVI. — Relation  of  size  of  farm  and  yield  of  cotton  per  acre  to  lahor 
income  on  186  farms  operated  by  colored  tenants^  Sumter  County^  Oa. 


Number  of  forms  and  average  labor  income  in  each  specified  yield  of  cotton  per 
acre  group. 

TOM  acres  per  form. 

One-third  bale  and 
less. 

One-third  to  ono- 
half  bale. 

Over  one-half  bale. 

Total. 

Number 
of  farms. 

Average 

labor 
income. 

Number 
of  Harms. 

A>'erage 

labor 
income. 

Number 
of  forms. 

Average 

labor 
incon^e. 

Number 
of  farms. 

Average 

labor 
income. 

60  acres  and  less 

Over  50  acres 

34 
20 

100 
124 

44 

48 

191 
462 

18 
22 

3J» 
662 

96 
90 

196 
435 

AlHarms 

54 

109 

92 

332 

40 

539 

186 

312 

The  farms  are  arranged  into  two  size  groups,  that  of  50  or  less 
tilled  acres  and  that  of  over  50  tilled  acres.  Each  of  these  two 
groups  is  further  divided  into  three  groups,  those  with  cotton  yield- 
ing one-third  bale  or  less  per  acre,  those  with  one-third  to  one-half 
bale  per  acre,  and  those  with  over  one-half  bale  per  acre. 

In  the  case  of  the  tenants  with  50  or  less  tilled  acres  per  farm,  one- 
third  had  cotton  yielding  one-third  bale  or  less  per  acre,  and  made  an 
average  labor  income  of  only  $100.  The  tenants  in  this  same  size 
group  with  cotton  yielding  over  one-half  bale  per  acre  made  labor 
incomes  of  $389  each. 

Out  of  the  90  tenants  with  over  50  tilled  acres  per  farm,  20  with 
cotton  yielding  one-third  bale  or  less  per  acre,  made  a  labor  income 
of  only  $124,  while  those  whose  cotton  yields  were  over  one-half  bale 
per  acre  had  an  average  labor  income  of  $662. 

Only  about  one-fifth  of  these  tenants  raised  cotton  yielding  over 
one-half  bale  per  acre.  The  average  labor  income  of  these  men  was 
$539.  One  out  of  every  four  had  yields  of  one-third  bale  or  less  per 
acre,  and  these  made  an  average  labor  income  of  only  $109. 
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THfe  COST  OF  PRODUCING  COTTON. 

In  an  agricultural  area  devoted  almost  exclusively  to  a  single  enter- 
prise the*  cost  of  production  per  unit  for  that  enterprise  may  be  de- 
termined with  reasonable  accuracy  from  the  data  collected  throu^ 
the  regular  farm-management  survey.  Such  an  enterprise  is  found 
in  Sumter  County,  where  cotton  occupies  59  per  cent  of  the  crop 
area  and  constitutes  89  per  cent  of  the  farm  receipts.  Tables  follow 
illustrating  the  method  used  and  showing  the  cost  per  acre  and  per 
pound  of  lint  cotton  by  tenure  and  by  size  of  farm  and  .yield  per  acre 

METHOD  USED  IN  DETERMINING  COSTS. 

The  method  used  in  determining  the  cost  of  producing  cotton  in- 
cludes five  distinct  steps.  (1)  Finding  the  percentage  of  total  farm 
receipts  represented  by  the  sale  of  cotton,  including  both  lint  and 
seed.  (2)  Tinding  the  total  farm  operating  expense.  This  is  the 
sum  of  the  general  expenses  (including  such  items  as  labor,  repairs, 
feed,  seed,  fertilizer,  insurance,  taxes,  etc.),  the  value  of  the  fanners 
own  labor,  and  interest  on  the  capital  invested.  (3)  Calculating  the 
amount  of  total  farm-operating  expense  chargeable  to  cotton  in  pro- 
portion to  the  per  cent  of  total  receipts  derived  from  cotton.  (4) 
Finding  the  net  cotton  expense  by  deducting  the  amount  received 
from  the  sale  of  cotton  seed  from  the  amount  of  farm-operating  ex- 
pense chargeable  to  cotton.  (5)  Finding  the  cost  per  acre  or  per 
pound  of  lint  cotton,  by  dividing  the  net  cotton  expense  resf)ectivelv 
by  the  number  of  acres  in  cotton  or  by  the  number  of  pounds  of  lint 
cotton  raised. 

While  this  method  would  not  be  advisable  where  there  are  several 
leading  enterprises,  yet  it  has  advantages  in  regions  of  this  nature. 
Here  the  crop  area  that  was  not  occupied  by  cotton  is  utilized  almost 
entirely  in  growing  crops  to  support  the  mules  and  labor  used  in 
growing  cotton. 

In  Table  XXVII  are  shown  in  detail  the  steps  taken  in  arriving 
at  the  cost  of  production  on  the  160  farms  operated  by  white  owners 
On  these  farms  the  total  receipts  were  $655,526,  of  which  $569,651. 
or  86.9  per  cent,  were  from  the  sale  of  lint  cotton  and  seed.  The 
total  general  expenses  were  $408,876,  and  by  adding  to  this  sum  Ha 
vaule  of  the  farmers'  own  labor,  $70,451,  plus  $110484,  which  is  tise 
interest  at  5  per  cent  upon  the  capital  ($2,203,673)  invested,  equals 
$589,511,  the  total  farm  operating  expenses.  In  prorating  these 
expenses,  86.9  per  cent  of  the  total  expenditures  of  $589,511  equils 
$512,285,  the  amount  of  the  total  operating  expenses  chargeable  to 
cotton. 
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Table  XXVII. — Cost  of  producing  cotton  on  160  farms  operated  by  white  owners 

(Sumter  County,  Oa,), 

Number  of  acres  in  cotton 14, 301 

Number  of  pounds  of  lint  cotton  produced 4, 014, 500 

Total  farm  receipts $655,526 

Receipts  from  sale  of  lint  cotton $496, 950 

Receipts  from  sale  of  cotton  seed 72, 701 

Receipts  from  sale  of  lint  cotton  and  seed 569, 651 

Per  cent  lint  cotton  and  seed  sales  are  of  total  farm  receipts 86. 9 

General  expenses  (labor,  feed,  seed,  fertilizer,  insurance,  taxes,  etc.)-    $408,876 

Value  of  farmer's  own  labor 70,451 

Interest  on  investment  (5  per  cent  of  $2.203,673) 110, 184 

Total  operating  expense 589,511 

Amount  of  operating  expense  chargeable  to  cotton  (86.9  per  cent  of 

$589,511)  512.  285 

Less  receipts  from  sale  of  cotton  seed 72, 701 

Net  cotton  expense,  or  cost  of  production  of  lint 439, 584 

Cost  per  acre  of  cotton $30. 74 

CkKSt  per  pound  of  lint $0.1095 

From  this  expense  was  deducted  $72,701,  the  amount  received  from 
the  sale  of  cotton  seed,  and  the  remainder  equals  $439,584,  the  ex- 
pense chargeable  to  the  production  of  lint  cotton.  This  total  divided 
by  the  number  of  acres  in  cotton  gives  a  cost  of  $30.74  per  acre,  which 
divided  by  the  yield  per  acre  in  pounds  of  lint  cotton  gives  10.95  cents 
as  the  cost  per  pound  of  lint. 

DISTRIBUTION  OF  COSTS. 

Ttie  items  that  go  to  make  up  the  cost  of  producing  cotton  have 
been  separated  into  four  groups:  Labor,  use  of  land,  fertilizer,  and 
miscellaneous.  In  Table  XXVIII  is  given  the  distribution  of  costs 
on  268  farms  operated  by  white  owners. 

Table  XXVIII. — Distribution  of  costs  on  268  farms  operated  by  white  owners, 
owners  additional,  and  oioners  with  part  rented  out. 


Item  of  cost. 

Cost  per 
acre. 

Percent 

of  total 

cost. 

Cost  per 
pound 
of  lint 
(cents). 

Labor 

$14.58 
6.52 
5.36 
8.63 

48.4 
21.7 
17.8 
12.1 

5.22 

Use  of  land 

2.34 

FertUizer 

1.92 

1.30 

Total 

30.00 

10.78 

The  value  of  labor  was  the  largest  single  cost  connected  with 
growing  cotton.    It  included  all  labor  performed  on  the  crop  by 
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wage  hands,  share  croppers,  and  the  operator  or  members  of  his 
family.  The  labor  cost  was  $14.58  per  acre,  or  5.22  cents  per  poimd 
of  lint  produced. 

The  expense  for  the  use  of  the  land  was  second  in  importance.  It 
included  the  cost  of  repairs,  depreciation,  taxes,  insurance,  and  in- 
terest upon  the  real  estate  investment.  The  cost  was  $6.52  per  acre 
of  cotton,  or  2.34  cents  per  pound  of  lint. 

The  item  next  in  importance  was  that  for  the  fertilizer  purdiased. 
It  was  $5.36  per  acre,  or  1.92  cents  per  pound  of  lint  cotton. 

All  the  other  costs  connected  with  the  production  of  this  crop  w«^ 
grouped  under  one  heading  as  miscellaneous.  There  were  included 
such  items  as  interest  and  depreciation  on  mules  and  machinery. 
ginning,  and  other  minor  items,  and  amounted  to  $3.63  per  acre,  or 
1.3  cents  per  pound  of  lint  produced. 

COST  OF  PRODUCTION  UNDER  VARIOUS  TENURES. 

Table  XXIX  shows  the  cost  of  producing  cotton  both  per  acre  and 
per  pound  of  lint  under  the  various  tenures  in  vogue  in  Sumter 
County.  In  five  of  the  eight  tenure  classes  the  cost  of  production  of 
lint  cotton  falls  within  a  range  of  from  10.29  cents  to  10.95  cents 
per  pound  of  lint,  or  a  variation  of  only  0.66  cent.  The  cost  fof 
all  tenures  is  10.5  cents  per  pound  and  $27.71  per  acre. 

Table  XXIX. — Cost  of  producing  cotton,  all  tenures,  53^  farms,  Sumter 

County,  Oa. 


Tenure. 

Number 
of  farms. 

TiUed 

area  per 

farm. 

Area  in 
cotton 

fiarm. 

Per  cent 
of  tilled 
area  in 
oottoa. 

Yield  of 
cotton 
per  acre 

in 
Xwunds. 

Cost  of 
produc- 
ing 
cotton 
per  acre. 

Codfif 
pfoday 

pouad 

(liEt> 

White: 

Owners 

160 
38 
70 
49 

12 
11 

8 
186 

158 
211 
394 
85 

95 

82 
307 
59 

89 
96 
133 
54 

57 
49 
101 
39 

56.6 
57.4 
56.9 
63.3 

50.8 
63.5 
62.1 
65.5 

2S1 
285 
271 
228 

203 
218 
168 
211 

S3a74 
27.57 
29L97 
23w79 

20.  SO 
20.20 
19.39 
22.4$ 

Cast. 

Owners  additional 

s.e 

Owner's  part  rented  cut 

Tenftiit«? .  T        

IfkG 

Colored: 

Owners 

MLS 

Owners  eulditional ...    . 

S.3 

Owners  part  rented  out 

Tenants ...     

In  a  study  of  the  three  tenures  with  abnormal  costs  the  factws 
making  up  these  abnormalities  are  easily  detected.  The  colored 
owners  with  part  rented  out  have  a  cost  of  11.5  cents  per  pound, 
with  a  yield  of  only  1G8  poimds  per  acre.  This  high  cost  per  pound 
is  almost  entirely  due  to  low  yields  per  acre,  for  when  farms  in  this 
class  are  compared  with  farms  of  equal  yields  in  the  colored-owDcr 
class  the  variation  in  cost  i^er  pound  almost  disappears.  The  fa^ 
that  38  per  cent  of  the  cotton  area  on  the  owner-part-rented-out  fame 
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returned  poor  yields  makes  their  yield  per  acre  lower  and  their  cost 
per  pound  higher  than  that  of  the  owner  farms  with  only  27  per  cent 
of  their  cotton  area  returning  poor  yields. 

The  white  owners  renting  additional  land  have  a  lower  cost  per 
pound  and  a  slightly  higher  yield  per  acre  than  any  other  class  of 
white  operators.  The  table  shows  they  have  reduced  the  cost  per 
acre  $8.14  and  the  cost  per  pound  1.28  cents  below  that  of  the  white 
owners.  A  more  detailed  study  shows  this  reduction  mainly  and  al- 
most equally  due  to  two  items :  First,  the  labor  expense  per  acre  of 
cotton  is  about  $1.50  per  acre  less;  second,  the  combined  charge  of 
interest  on  capital  and  rent  paid  for  additional  land  is  over  $1.50 
less  per  acre  of  cotton  than  the  interest  charge  on  the  white  owners' 
capital. 

We  find  the  colored  owners  additional  occupying  the  same  posi- 
tion among  the  colored  operators  as  the  white  owners  additional 
among  the  white  operators,  having  the  lowest  cost  per  pound  and 
the  highest  yield  per  acre.  They  produce  their  cotton  at  1.03  cents 
per  pound  less  than  the  colored  owners.  This  difference  is  accounted 
for  by  a  yield  of  15  pounds  more  per  acre  and  by  a  little  lower  labor 
cost  per  acre. 


COTTON 
PRODUCTION  COST^ 

PERCENTAGE 
10                   20                  30 

40 

LABOR 
FCRTIUZCR 
use  OF  LAND 
AU.  OTHER 

«2 
8? 

LABOR 
FERTILIZER 
USE  OF  LAND 
ALL  OTHER 
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Fio.  0. — Di8trilmtion  of  cash  and  non-cash  costs  In  producing  cotton  on  208  owner 
and  186  tenant  farms.     (Sumter  County,  Ga.) 

The  accompanying  chart  (fig.  6)  is  interesting  in  connection  with 
this  cost  of  production  study.  The  production  of  lint  cotton  at 
10.6  cents  per  pound  with  a  yield  of  258  pounds  per  acre  means  that 
these  men  have  been  well  paid  for  their  year's  labor  and  have  re- 
ceived a  fair  rate  of  interest  upon  their  investment.  In  case  of  a 
lean  year  cotton  could  be  sold  at  a  figure  less  than  this  cost,  but  it 
would  return  less  than  normal  wages  for  labor  performed  by  the 
operator  and  his  family  and  less  than  a  normal  interest  rate  upon  the 
farm  investment. 
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The  figure  shows  the  distribution  of  cost  of  producing  cotton  on 
the  owner  and  tenant  farms  and  the  proportion  of  the  cost  that  was 
cash  and  that  was  noncash.  On  the  owner  farms  about  one-third  of 
the  labor  was  performed  by  the  operator  and  his  family,  thus  making 
the  cash  outlay  for  labor  36.2  per  cent  of  the  total  cost.  The  expense 
for  the  use  of  the  real  estate  was  only  about  one-third  cash  outlay. 
The  taxes,  insurance,  and  repairs  must  be  met  each  year,  but  tie 
other  two-thirds  of  this  expense  represent  the  interest  charge,  which 
was  not  cash  outlay.  The  profits  these  farmers  may  realize  for  Ukt 
use  of  the  land  will  vary  from  year  to  year,  depending  upon  the  yieUs 
and  prices  they  are  able  to  secure  for  this  crop.  The  cost  of  ferti- 
lizer represents  an  expense  that  must  be  met  eadi  year,  and  und» 
normal  conditions  it  will  equal  about  one-sixth  of  the  total  expense. 
A  portion  of  the  miscellaneous  eicpenses  was  not  cash.  About  one- 
fourth  of  these  expenses  was  for  interest  and  depreciation  up«i 
working  capital  while  the  othor  portion  was  a  cash  outlay. 

In  summing  up  the  cost  of  cotton  production  upon  these  owner 
farms,  about  32  per  cent  of  the  total  was  for  labor  of  the  operator 
and  his  family-  and  interest  and  depreciation  upon  the  investment 
The  other  68  per  cent  was  cash  paid  out  for  the  production  of  this 
crop  and  amounted  to  7.35  cents  per  pound  of  lint. 

In  case  of  the  tenants,  about  37  per  cent  was  for  the  labor  of  the 
operator  and  his  family  and  interest  upon  his  working  capital  aiul 
63  per  cent,  or  6.70  cents  per  pound,  was  cash  outlay. 

SIZE  OF  FARM  AND  YIELD  OF  COTTON  AS   FACTORS  AFFECTING  THE  COST  ttT 

PRODUCTION. 

The  table  following  (Table  XXXI)  shows  the  effect  of  both  size 
of  farm  and  yield  per  acre  upon  the  cost  of  production.  If  we 
arrange  the  farms  in  size  groups  there  is  a  gradual  decrease  in  the 
cost  of  production  per  pound  of  lint  from  the  smallest-size  group 
up  to  the  largest-size  group,  .md  when  the  farms  are  arranged  in 
yield  of  cotton  per  acre  groups  there  is  also  a  decrease  in  the  cost 
of  production  of  lint  per  pound  from  the  lowest-yield  group  up  to 
the  highest-yield  group.  This  indicates  that  both  size  of  farm  and 
yield  per  acre  have  some  effect  in  reducing  the  cost  per  pound  of  lint 
But  when  the  farms  are  grouped  by  size  of  farm  the  groups  are  not 
all  uniform  in  yield  per  acre,  and  when  they  are  grouped  by  yidd 
per  acre  the  groups  are  not  all  uniform  in  size  of  farm.  Therefore, 
in  order  to  eliminate  one  of  these  factors  while  studying  the  other, 
the  farms  have  been  grouped  According  to  their  size,  and  each  si» 
group  separated  into  subgroups  according  to  their  yields  per  acre- 
We  may  now  study  the  effect  of  size  of  farm  upon  the  cost  of  pn>- 
duction  by  comparing  the  farms  of  different  sizes  with  the  same 
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yield  per  acre  and  the  effect  of  yield  per  acre  by  comparing  the 
farms  of  different  yields  but  of  the  same  size. 

Table  XXXI. — Relation  of  size  of  farm  and  yield  of  cotton  per  acre  to  cost  of 
producing  cotton  on  268  farms  operated  by  white  owners,  owners  additional, 
and  owners  part  rented  out  {Sumter  County,  Oa,). 


One-half  bale 
and  loss. 

One-half  to  two- 
thirds  bale. 

Over  two-thirds 
bale. 

All  yields. 
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THE  EFFECT  OF  SIZE  OF  FARM  UPON  COST  OF  PRODUCING  COTTON. 

In  a  study  of  Table  XXXI  it  will  be  observed  that  the  very  large 
farms  had  an  advantage  over  the  very  small  farms  in  producing 
cotton  at  a  minimmn  cost.  Many  of  the  farms  in  each  size  group  also 
had  opportunity  to  reduce  the  cost  by  increasing  their  yield  per 
acre,  as  shown  when  each  size  group  was  classified  into  three  yield- 
per-acre  groups. 

When  the  yield  per  acre  was  one-half  bale  and  less,  the  cost  per 
poimd  of  lint  cotton  was  13.84  cents  on  farms  of  100  acres  and  less, 
and  as  the  size  of  farm  increased  there  was  a  gradual  decrease  in  this 
cost.  The  larger  farms  with  this  yield  had  a  cost  of  12.27  cents, 
which  was  1.5  cents  per  pound  less  than  the  cost  on  the  small  farms. 

When  the  yield  per  acre  was  one-half  to  two-thirds  of  a  bale  the 
cost  per  pound  of  lint  was  11.97  cents  on  the  small  farms,  11.05  cents 
on  the  farms  of  medium  size,  and  10.10  cents  on  the  large  farms. 
Here  the  large  farms  produced  cotton  at  1.87  cents  per  pound  less 
than  the  small  farms. 

When  the  yield  was  over  two-thirds  of  a  bale  the  cost  per  pound  of 
lint  was  10.58  cents  on  the  small  farms  and  9.52  cents  on  the  medium- 
sized  and  large  farms.  This  shows  the  large  farms  produced  cotton 
at  1.06  cents  less  than  the  small  farms. 

By  carrying  the  study  a  little  further  it  will  be  seen  that  the  cost 
per  pound  on  the  medium-sized  farms  was  1.43  cents,  0.92  cent  and 
1.06  cents  less  in  the  respective  yield-per-acre  groups  than  on  the 
small  farms,  and  that  on  the  large  farms  this  difference  was  0.14 
cent,  0.95  cent,  and  zero,  as  compared  with  the  medium-sized  farms. 
Thus,  on  the  medium-sized  farms  the  cost  per  pound  was  something 
over  1  cent  less  than  on  the  small  farms,  while  on  the  large  farms  it 
was  only  0.32  cent  less  than  on  the  medium-sized  farms. 
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When  we  study  the  cost  of  cotton  per  acre,  we  find  the  low-yielding 
group  showed  a  cost  of  $29.09  on  the  small-size,  $25.54  on  the  medium- 
size,  and  $23.58  on  the  large-size  farms;  which  was  $5.51  less  on  the 
large  farms  than  on  the  small  farms.  In  the  yield-per-acre  group 
of  one-half  to  two-thirds  bale  the  cost  was  $34.76  on  the  small  fsLrms, 
$31.69  on  farms  of  medium  size,  and  $30.28  on  farms  of  over  250 
acres,  which  was  $4.48  less  on  the  large  farms  than  on  the  small  farms. 

On  the  farms  with  the  highest  yields  of  cotton  the  cost  per  acre 
was  $41.76  in  the  group  with  100  acres  and  less,  and  then  as  the  size 
of  farm  increased  the  cost  decreased  imtil  in  the  largest-size  group 
it  was  $84.33  per  acre.  This  was  $7.43  less  on  the  large  farms  than 
on  the  small  farms. 

There  was  a  greater  reduction  in  the  cost  per  acre  betwe^i  the 
small  and  the  medium  farms  than  between  the  medium  and  large 
farms.  The  reduction  in  favor  of  the  medium-size  group  over  the 
smallest-size  group  was  $3.55,  $3.07,  and  $4.01  in  the  respective  yield- 
per-acre  groups,  while  the  reduction  in  favor  of  the  larg^t-^ze 
group  over  the  medium-size  group  was  only  $1.96,  $1.41,  and  $3.42  in 
the  respective  yield-per-acre  groups. 

THE  EFFECT  OF  YIELD  PER  ACRE  UPON  THE  CX>ST  OF  PRODUCTION. 

In  Table  XXXI  the  farms  are  separated  into  three  groups  tiiat 
may  be  used  in  studying  the  effect  of  yield  per  acre  upon  the  cost  of 
production. 

On  farms  with  100  or  less  acres  the  cost  per  pound  of  lint  cotton 
was  13.84  cents  when  the  yield  was  one-half  bale,  11.97  cents  when  the 
yield  was  from  one-half  to  two- thirds  bale,  and  10.58  cents  when  the 
yield  was  over  two-thirds  bale.  This  shows  the  cost  per  pound  3.26 
cents  less  on  the  good  than  on  the  poor  yielding  farms. 

On  farms  of  101  to  250  acres  the  cost  per  pound  of  lint  was  12.41 
cents  when  the  yield  was  poor,  11.05  cents  with  a  medium  yield,  and 
9.52  cents  when  the  yield  was  good.  This  shows  the  cost  per  pound 
2.89  cents  less  on  the  good  than  on  the  poor  yielding  farms. 

On  the  farms  of  over  250  acres  the  cost  per  pound  of  lint  was 
12.27  cents  when  the  yield  was  poor,  10.10  cents  when  the  yield  was 
from  one-half  to  two-thirds  of  a  bale,  and  9.52  cents  when  the  yidd 
was  good.  This  shows  the  cost  per  pound  2.75  cents  less  on  the  good 
than  on  the  poor  yielding  farms. 

Thus  in  the  respective  size  groups  cotton  was  produced  at  3.26 
cents,  2.89  cents,  and  2.75  cents  per  pound  less  on  the  farms  having 
good  yields  than  on  the  farms  having  poor  yields. 

With  medium  yields  per  acre  the  cost  per  pound  was  L87  cents. 
1.36  cents,  and  2.17  cents  less  for  the  respective  size  groups  than  with 
poor  yields,  but  with  good  yields  the  cost  per  poimd  was  only  1.39 
cents,  1.53  cents,  and  0.58  cent  less  for  the  respective  size  groups  than 
with  medium  yields.    The  cost  was  almost  2  cents  per  pound  less  witii 
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medium  yields  than  with  poor  yields  and  about  1  cent  per  pound  less 
with  good  yields  than  with  medium  yields. 

The  table  shows  that  the  cost  of  cotton  per  acre  was  increased  as  the 
yield  per  acre  increased.  On  the  smallest  farms  the  cost  was  $29.09 
when  the  yield  was  poor,  $34.76  when  the  yield  was  medium,  and 
$41.76  on  the  good  yielding  farms. 

On  the  medium-size  farms  the  cost  per  acre  was  $25.54  when- the 
yield  was  poor,  $31.69  when  the  yield  was  medium,  and  $37.75  when 
the  yield  was  good. 

On  the  very  large  farms  the  cost  per  acre  was  $23.68  when  the  yield 
was  poor,  $30.28  when  the  yield  was  medium,  and  $34.33  when  the 
yield  was  good. 

Thus  with  a  medium  yield  the  cost  per  acre  was  $5.67,  $6.15,  and 
$6.70  more  in  the  resp^tive  size  groups  than  when  the  yield  was  poor, 
and  with  good  yields  the  cost  per  acre  was  $7,  $6.07,  and  $4.05  more  in 
the  respective  size  groups  than  with  medium  yields. 

THE  COST  OF  PRODUCTION  ON  THE  COLORED-TENANT  FARMS. 

Table  XXXII  shows  the  effect  of  the  size  of  farm  and  yield  of 
cotton  per  acre  upon  the  cost  of  production  on  the  farms  operated 
by  colored  tenants.  While  the  yields  these  tenants  received  were 
much  lower  than  those  of  the  other  farmers,  the  wide  variation  in 
yields  gives  room  for  comparisons  in  the  same  manner  upon  these 
farms  as  upon  others.  In  order  to  have  a  satisfactory  number  of 
farms  in  each  group  these  farms  were  used  in  two  size  groups,  those 
with  50  acres  or  less  and  those  with  over  50  acres.  Each  of  the  size 
groups  was  then  divided  into  three  yield-per-acre  groups.  With 
yields  of  one-third  bale  or  less  per  acre  the  cost  per  pound  of  lint 
was  14.39  cents  on  the  small  farms  and  12.80  cents  on  the  larger 
farms;  with  yields  of  one-third  to  one-half  bale  per  acre  the  cost  per 
pound  was  11.61  cents  on  the  small  farms  and  10.22  cents  on  the 
larger  farms;  and  with  the  yields  of  over  one-half  bale  the  cost  per 
pound  was  9.36  cents  on  the  small  farms  and  8.93  cents  on  the  larger 
farms. 

Table  XXXII. — Relation  of  size  of  farm  and  yield  of  cotton  per  acre  to  cost  of 
producing  cotton  on  186  farms  operated  by  colored  tenants  (Sumter  County, 
Ga.). 
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Thus  on  farms  of  over  50  acres  the  cost  per  pound  of  lint  was  1.59 
cents,  1.39  cents,  and  0.43  cent  less  in  the  respective  yield-per-acre 
groups  than  on  farms  of  less  than  50  acres. 

The  cost  per  acre  was  also  less  in  each  yield-per-acre  group  on  the 
farms  of  over  50  acres  than  on  the  farms  of  50  acres  or  less,  being 
$1.67,  $1.93,  and  $3.21  less  in  the  respective  yield-per-acre  groups. 

In  a  study  of  the  effect  of  yields  per  acre  upon  reducing  the  cost 
of  production,  the  outstanding  factor  of  size  must  be  given  considera- 
tion. On  farms  of  50  acres  and  less  the  cost  was  14.39  cents  when  the 
yield  was  one-third  bale  and  less,  11.61  cents  when  the  yield  was  one- 
third  to  one-half  bale,  and  9.36  cents  when  the  yield  was  over  one-half 
bale. 

On  the  farms  of  over  50  acres  the  cost  was  12.8  cents  when  the 
yield  was  one-third  and  less,  10.22  cents  when  the  yield  was  one- 
third  to  one-half  bale,  and  8.93  cents  when  the  yield  was  over  one- 
half  bale. 

Thus  with  the  yield  of  cotton  one-third  to  one-half  bale  it  was 
produced  at  2.78  cents  per  pound  less  than  with  the  yield  one-third 
bale  and  less  on  farms  of  50  acres  and  less,  and  at  2.58  cents  less  on 
farms  of  over  50  acres.  With  the  yield  over  one-half  bale,  it  was 
produced  at  2.85  cents  per  pound  less  than  with  the  yield  one-third 
to  one-half  bale  on  farms  of  50  acres  and  less,  and  at  1.29  cents  less 
on  farms  of  over  50  acres. 

The  cost  per  acre  on  small  farms  was  $19.93  when  the  yield  was  one- 
third  bale  and  less,  $24.15  when  the  yield  was  one- third  to  one-half 
bale,  and  $28.61  when  the  yield  was  over  one-half  bale.  On  the 
larger  farms  it  was  $18.26  when  the  yield  was  one-third  bale  and 
less,  $22.22  when  the  yield  was  one-third  to  one-half  bale,  and  $25.40 
when  the  yield  was  over  one-half  bale. 

The  increase  in  cost  per  acre  for  the  groups  yielding  one-third  to 
one-half  bale  over  that  of  the  groups  yielding  one-third  bale  or  less 
was  $4.22  on  farms  of  50  acres  and  less,  and  $3.96  on  farms  of  over 
50  acres. 

The  increase  in  cost  per  acre  for  the  farms  yielding  over  one-half 
bale  over  that  of  the  farms  yielding  one-third  to  one-half  bale  was 
$4.46  for  the  smallest  and  $3.18  for  the  largest  size  group. 

On  all  the  colored  tenant  farms  with  yields  of  one-third  bale  or 
less,  the  cost  per  acre  was  $18.99,  and  on  all  with  yields  of  over  one 
half  bale  the  cost  per  acre  was  $26.30,  or  an  increase  of  $7.31.  The 
main  items  in  this  increase  are  labor  and  fertilizer. 
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INTRODUCrriON. 

The  investigation,  the  results  of  which  are  reported  in  this  bulletin, 
was  undertaken  for  the  piupose  of  securing  information  in  regard  to 
the  composition  of  brewery  products  made  in  this  coimtry.  The 
main  object  of  this  investigation  was  to  find,  if  possible,  a  means  of 
distinguishing  beers  and  ales  made  entirely  from  malt  from  those 
made  from  malt  together  with  other  cereal  products,  such  as  rice, 
com,  and  cerealin. 

It  was  concluded,  after  looking  into  the  literature,  that  in  order  to 
accomplish  this  purpose  it  would  be  necessary  to  collect  a  series  of 
samples  made  from  the  various  raw  materials  ordinarily  used  and 
make  a  study  of  the  effect  of  these  raw  materials  upon  the  composi- 
tion of  the  finished  product. 

The  investigation  seemed  desirable  for  the  reason  that  practically 
all  of  the  existing  data  related  to  foreign  beers,  in  the  preparation  of 
which  a  type  of  malt  was  used  entirely  different  from  that  ordinarily 
used  in  the  production  of  American  beers.  Furthermore,  very  few 
of  the  existing  data  relating  either  to  foreign  or  domestic  beers  were 
based  upon  samples  concerning  which  exact  information  was  avail- 
able in  r^ard  to  the  raw  materials  used  in  the  wort. 
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METHOD  OF  UNDERTAKING  THE  INVESTIGATION. 

It  was  felt  that  it  would  be  wholly  unsatisfactory  to  make  this  ia- 
vestigation  by  means  of  laboratory  brewings  on  a  small  scale,  as  the 
results  thus  obtained  would  not  show  the  true  conditions,  because  it 
is  not  possible  in  the  laboratory  to  duplicate  exactly  the  mftaliing  or 
fermenting  processes  actually  used  in  a  commercial  way.  It  ym 
decided,  therefore,  to  attempt,  with  the  cooperation  of  ser^^  brew- 
eries, to  make  this  study  under  the  exact  conditions  prevailing  in 
commercial  plants.  Access  was  secured  to  several  breweries  makiDg 
different  types  of  products  from  various  kinds  of  raw  materials,  undw 
such  conditions  that  it  was  possible  to  obtain  a  complete  history  d 
the  beer  through  its  various  stages  to  the  finished  product.  One  d 
the  writers  (Riley)  watched  the  method  of  manufacture  during  its 
whole  process  and  obtained  samples  of  the  product  at  the  varioie 
stages  of  manufacture.  Thus,  it  was  possible  to  procure  finished  sAzn- 
ples  with  practically  the  same  degree  of  certainty,  as  regards  knowl- 
edge of  composition  and  history,  as  would  have  been  the  case  had  titer 
been  prepared  in  the  laboratory. 

In  three  different  breweries  manufacturing  a  wide  range  of  producli 
samples  of  the  wort  and  beer  were  obtained  in  this  manner,  the  entire 
process  of  manufacture  being  studied  in  detaiL    A  record  showiif 
the  kind  and  amount  of  raw  materials  placed  in  the  mash  and  in  tk 
cooker  was  made  of  the  samples  collected  from  these  three  brewmes. 
A  record  also  was  kept  of  the  time  and  temperature  of  each  operatioa 
imtil  the  mash  was  ready  to  run  into  the  kettle.    The  filtering  and 
sparging  ^  of  the  mash,  the  time  of  boiling  in  the  kettle,  the  amom^ 
of  hops  added  and  the  point  at  which  they  were  added,  and  the  break ' 
of  the  wort  were  all  noted.    After  the  wort  had  been  pumped  froa 
the  kettle  its  course  was  followed  through  the  hop  jack  *  over  tbt 
coolers  to  the  settling  tank.    The  specific  gravity  or  Balling  *  of  the 
original  wort,  the  temperature  at  which  the  product  was  pitched/ 
the  aeration  of  the  wort,  the  kind  and  amount  of  yeast  added,  ss 
well  as  the  time  and  maximum  temperature  of  the  primary  fermeih 
tation,  also  were  noted.    The  course  of  the  beer  through  the  storage 
vats,  chip  casks,  and  filters  to  the  racks  was  watched,  and  samides 
of  the  wort  and  of  the  beer  in  its  various  stages  of  production  wfflt 
collected  and  examined. 


1  Washing  the  grains  with  hot  water  to  remove  the  extract  or  valuable  constitiients  as  comptetolT  d 
possible. 

*  Predpitation  and  uniting,  in  the  form  of  flakes,  of  the  coagulable  albuminoids,  leaving  the  Uqnid  d 

*  A  filtering  tank. 

*  Percentage  of  solids  in  the  liquor  according  to  the  Balling  hydrometer, 
s  Pitching  is  the  operation  of  adding  the  yeast  to  the  wort. 
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METHODS  OF  ANALYSIS. 

The  methods  of  analysis  used  were  those  given  in  Bulletin  107, 
revised  (U.  S.  Dept.  Agr.,  Bur.  Chem.),  pages  90-94,  with  the  exception 
that  the  determination  of  phosphoric  acid  was  made  by  the  method 
used  in  fertilizer  analysis  (ibid.,  pp.  2-5),  destroying  the  organic 
material  in  the  beer  by  digestion  with  strong  sulphuric  acid  and 
nitric  acid  and  determining  the  phosphoric  acid  finally  by  the  op- 
tional volumetric  method  (ibid.,  p.  4).  The  uranixmi  acetate  method 
given  for  beers  was  not  used,  for  the  reason  that  it  was  found  to  be 
exceedingly  difficult  to  obtain  acciurate  results  on  dark-colored  beers.* 

It  was  found  in  the  estimation  of  dextrin  by  the  Sachsse-AUihn 
method  (ibid.,  p.  91)  that  there  is  an  error  in  the  method  of  cal- 
culation of  the  amount  of  dextrose  formed  from  the  amoimt  of 
maltose  in  the  original  beer.  Instead  of  multiplying  the  amoimt 
of  maltose  in  the  original  beer  by  the  factor  0.9,  it  shoiQd  be  midti- 
plied  by  the  factor  1.053,  as  1  gram  of  anhydrous  maltose  yields,  on 
hydrolysis,  1.063  grams  of  dextrose.  The  product  is  the  quantity 
which  should  be  subtracted  from  the  total  amoimt  of  dextrose  foimd 
after  hydrolysis.  The  extract  in  the  beer  was  determined  by  use  of 
the  tables  of  Schultz  and  Ostermann  (ibid.,  pp.  209-213).  llie  same 
methods  were  used  in  the  analyses  of  the  worts  as  were  used  in  the 
examination  of  the  beers. 

RESULTS  OF  ANALYSIS. 

Tables  I  to  IV  contain  the  resiQts  of  the  analyses  of  the  worts  and 
finished  fermented  products  obtained  at  the  various  breweries  where 
this  investigation  was  conducted,  arranged  so  as  to  show  readily  the 
changes  which  took  place  during  fermentation  and,  in  a  few  cases, 
the  changes  which  took  place  during  storage.  The  results  are  all 
given  in  terms  of  grams  per  100  cc,  so  that  a  direct  comparison  of 
the  quantities  of  any  particular  ingredient  in  a  definite  volxnne  of 
material  may  be  made.  The  comparison  of  the  grams  per  100  cc 
of  an  ingredient  in  the  wort,  with  the  grams  per  100  cc  in  the  finished 
fermented  product,  is  based  on  the  assiunption  that  there  is  no  appre- 
ciable change  in  the  volxmie  of  the  wort  during  fermentation. 

In  Table  I  are  given  the  results  of  the  analyses  of  7  malt  worts  and 
the  beers  produced  from  them.  Table  II  contains  the  results  of  the 
analyses  of  2  malt-and-rice  worts  and  2  malt-and-com  worts,  and 

1  RQey,  in  his  report  to  the  Associatiain  of  Officia]  Agricolttiral  Chemists  tar  the  jbbh  1013,  stated  that 
the  method  glying  the  most  tmlft>rm  results  was  that  of  ashing  the  beer  with  an  excess  of  standard  calotom 
acetate,  and  that  whOe  the  moist  oombastkm  method  in  the  hands  of  those  familiar  with  it  gave  satisliao- 
tory  results,  the  various  collaborators  working  with  the  method  did  not  get  as  uniform  results  as  with  the 
method  of  ashing  with  oaloinm  aoetato.   J.  Assoc.  Off.  Agr.  Chemists  1  (1915),  18^-148. 
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the  beers  produced  from  them.  In  Table  III  ore  given  the  results 
of  the  analyses  of  4  porter  worts  and  the  finished  porters  produced 
from  them.  The  results  of  the  analyses  of  9  ale  worts  wad  the  fin- 
ished ales  are  shown  in  Table  IV.  In  these  four  tables  the  extract  in 
the  original  wort  has  been  calculated  by  multiplying  the  alcohol  (ex- 
pressed in  terms  of  grams  per  100  cc)  by  2,  and  adding  to  the  product 
the  extract  of  the  beer,  porter,  or  ale  (expressed  in  terms  of  grams  per 
100  cc).  In  the  porter  and  ale  worts  a  percentage  of  dextrose  had 
been  added  as  brewer's  sugar.  Since  dextrose  reduces  more  copperthan 
does  maltose  in  the  determination  of  the  sugars,  in  order  to  obtain  the 
true  percentage  of  total  sugars  it  was  necessary  to  calculate  the 
amount  of  copper  reduced  by  the  known  amoimt  of  dextrose  present, 
and  then  to  calculate  the  amoimt  of  maltose.  The  results  thus  ob- 
tained are  given  in  Tables  III  and  IV  under  the  heading  "Reducing 
sugars  as  anhydrous  maltose." 
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A  study  of  these  tables  shows  very  clearly  that  during  fermenta- 
tion marked  changes  are  brought  about  other  than  the  mere  con- 
version of  sugar  into  alcohol.  While  it  is  well  known  that  these 
changes  take  place  it  seems  worth  while  to  consider  them  here, 
because  no  similar  study  relating  to  American  brewery  products  has 
been  .pubUshed.  Further  since  we  have  the  exact  analysis  of  the 
wort  and  of  the  beer  which  was  made  from  it,  we  have  a  special  oppor- 
timity  to  examine  quantitatively  some  of  these  changes,  such  as  the 
production  of  alcohol,  the  fermentation  of  dextrin,  the  development., 
of  acids,  and  the  losses  of  protein,  ash,  and  phosphoric  acid  during 
fermentation. 

In  order  to  study  the  question  of  the  yield  of  alcohol,  to  test  the 
present  factor  used  for  the  calculation  of  the  soUds  in  the  original 
wort,  and  to  show  the  approximate  amount  of  dextrin,  calculations 
were  made,  the  results  of  which  are  presented  in  Table  V. 

Table  V. — Changes  taking  place  in  the  conversion  of  worts  into  beers  and  ales. 


Product. 

Loss  in* 
solids. 

Ivossln 
sugar. 

1 
Alcohol. 

Loss  in 
solids 
divided 

by 
alcohol. 

Differ- 
ence 
between 
loss  in 
solids 
and  loss 
in  sugar. 

Beer  (aU-malt) 

Orams 
per  100  cc. 
8.59 

aso 

a27 
8.48 
8.02 
7.27 
7.53 
7.35 
7.07 
6.04 
5.86 

OrttTM 
pntOOcc. 
8.45 
a43 
8.49 
8.27 
7.99 
7.42 
7.73 
7.46 
7.13 
6.05 
6.01 

Orams 
per  100  cc. 
3.85 
3.91 
3.83 
3.72 
3  66 

2.23 
2.18 
2.13 
2.27 

O    1Q 

Orams 

per  100  cc. 

0.14 

.12 

.22 

.21 

.15 
.30 

Do 

Do 

Do 

Do ; 

Beer  (60  per  cent  malt  and  40  per  cent  com) 

3.45            2.10 
3.33  ,          2.00 
3  31             •>  •» 

Do : 

Beer  (80  p^  cent  malt  and  20  per  cent  rice) 

Do 

3.18 
3.02 
2.87 

2.22 
2.00 
2.04 

.Oft 
.01 
.IS 

Beer  (all-malt) 

Do 

Average  for  beere 

2.14 

.04 



Porter  (small) 

9.23 
9.91 

iao6 

9.90 
10.31 
ia63 
10.70 
11.15 
11.50 
11.62 
11.04 
11.88 
11.75 
12.03 

7.60 
8.32 
8.27 
7.82 
8.84 
8.98 
9.20 
a  94 
9.57 
9.06 
9.50 
9.63 
9.11 
9.38 

4.30 
4.70 
4.75 
4.72 
4.82 
5.11 
4.93 
5.16 
5.34 
5.35 
5.43 
5.67 
5.53 
5.69 

2.14 
2.10 
2.11 
2.09 
2.13 
2.08 
2.17 
2.15 
2.15 
2.17 
2.03 
2.09 
2.12 
2.11 

.    1.5» 
1.7» 
2.  OS 
1.47 
1.6S 
1.50 
2.21 
1.93 
2.5ft 
1.64 
2.2S 
2.64 
2.6S 

Porter  (large) 

Do 

Do ■        ' 

Ale ::..::::::::::::::::::::::::::::::  ■■':■■■• 

Do ::: 

Da 

Do 

Do '..'.'...'.'."" 

Do 

Pale  ale \\\    " 

Do 

Do :;■" 

Brown  stout 

Average  for  ales 

2.12 
2.13 

1.9ft 

Average  for  beers  and  ales 
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In  Table  V  have  been  collected  results  (calculated  from  Tables 
I-IV)  which  show  the  loss  in  solids  between  the  wort  and  the  finished 
fermented  product,  the  loss  in  sugar,  the  yield  of  alcohol,  the  loss  in 
solids  divided  by  the  alcohol,  and  the  diflFerence  between  the  loss  in 
soUds  and  the  loss  in  sugar.  By  dividing  alcohol  into  loss  in  solids 
there  was  secured  a  factor  which  makes  possible  the  estimation  of  the 
sohds  in  the  original  wort,  provided  that  alcohol  and  extract  are  known. 
This  factor  also  shows  the  yield  of  alcohol  for  a  given  amount  of 
sohds  disappearing  during  fermentation.  It  has  been  found  in  the 
case  of  the  beers  that  this  factor  averages  2.14,  while  in  the  case 
of  the  ales  it  averages  2.12,  making  an  average  for  all  of  the  prod- 
ucts of  2.13.  This  clearly  shows  that  in  the  yield  of  alcohol  for  a 
given  amount  of  fermentable  solids  there  is  no  appreciable  difference 
between  top  fermentation  products,  such  as  ales,  and  bottom  fer- 
mentation products,  such  as  beers. 

A  marked  difference  in  loss  in  solids  is  shown,  however,  when  we 
compare  the  beers  with  the  ales.  In  the-case  of  the  beers  we  find 
there  is  practically  no  difference  between  the  loss  in  sohds  and  the 
loss  in  sugar,  while  in  the  case  of  the  porters  and  ales  there  is  a  veiy 
appreciable  difference.  The  difference  between  the  loss  in  solids  and 
the  loss  in  sugar  is  only  0.04  per  cent  for  all  of  the  beers;  while  in 
the  case  of  the  porters  and  ales  the  difference  varies  from  1.47  per 
cent  to  2.65  per  cent,  with  an  average  of  1.96  per  cent.  These  figures 
clearly  show  that  in  the  case  of  the  porters  and  ales  there  has  been 
some  material  other  than  sugar  fermented.  Unfortunately,  the 
determination  of  dextrin  was  not  made  in  all  of  the  worts,  so  that  the 
fictual  decrease  in  dextrin  can  be  shown  only  in  a  few  cases.  But  in 
those  cases  where  we  have  the  actual  results  the  difference  between 
loss  in  sohds  and  the  loss  in  sugar  compares  very  closely  with  the 
actual  amount  of  dextrin  disappearing  during  fermentation. 

DEVELOPMENT  OF  ACIDS  DURING  FERMENTATION. 

A  comparison  of  the  amounts  of  volatile  and  fixed  acids  in  the 
worts  and  in  the  finished  beers  shows  that  normally  there  ia  no 
appreciable  development  of  volatile  acid  during  fermentation  and 
only  a  shght  increase  in  the  fixed  acid.  This  increase  in  fixed  acid 
averages  in  the  case  of  the  beers  0.049  per  cent,  while  in  the  case  of 
the  aJes  the  increase  averages  0.103  per  cent. 

DECREASE  IN  PROTEIN,  ASH,  AND  PHOSPHORIC  ACID. 

A  general  study  of  the  preceding  tables  will  show  that  there  is  an 
appreciable  loss  of  protein,  ash,  and  phosphorio  acid  during  llie 
fermentation.  Table  VI  has  been  prepared  to  show  the  average  loss 
during  fermentation  of  the  various  classes  of  worts  with  resped^  to 
their  protein,  ash,  and  phosphoric  acid  contents. 
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Kind  of  wort. 


Beer  worts  (aU-malt) 

Beer  worts  (malt  and  rice). 
Beer  worts  (malt  and  com) 

Porter  worts 

Ale  worts. 


Protein. 


Oramsper 
100  cc. 
0.209 
.210 
.168 
.213 
.275 


Ash. 


OTamsper 
100  cc. 
0.017 
.045 
.014 
.031 
.029 


Phosphoric 
acid. 


Oranuper 
100  ce. 
0.015 
.014 
.013 
.017 
.019 


The  results  given  in  Table  VI  show  a  great  similarity  in  the  changes 
in  all  of  the  products,  as  there  is  about  the  same  amount  of  loss  of 
protein,  ash,  and  phosphoric  acid  in  the  beer,  ale,  and  porter  worts. 
There  does  not  appear  to  be  any  appreciable  loss,  however,  of  either 
protein  or  phosphoric  acid  during  the  storage  or  aging  period  as  is 
shown  by  the  few  samples  which  we  have  analyzed  after  storage. 
This  is  practically  in  agreement  with  the  experiment  of  Bertschinger,* 
whose  results  show  only  a  very  slight  increase  in  alcohol  and  loss  of 
sugar  during  the  storage  period. 

EFFECT  OF  RAW  MATERIALS  USED  UPON  COMPOSITION  OF  THE  FIN- 
ISHED BREW. 

In  order  to  show  the  eflFects  on  the  finished  beers  or  ales  of  the  use 
of  com,  rice,  cerealin,  and  brewer^s  sugar  as  substitutes  for  malt  in  the 
worts,  Table  VII  has  been  prepared,  giving  the  results  of  analyses  of 
a  number  of  brews  made  in  different  breweries  and  from  varying 
kinds  and  amounts  of  raw  materials. 


»  Z.  angew.  Chem.  (1890),  p.  670. 
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In  the  results  given  under  brewery  No.  1,  a  beer  made  entirely  from 
malt  is  compared  with  a  beer  made  from  65  per  cent  of  malt  and  35 
per  cent  of  cerealin,  and  with  a  beer  made  from  60  per  cent  of  malt  and 
40  per  cent  of  com,  in  all  of  which  the  same  quality  of  malt  was  used. 

In  the  case  of  brewery  No.  2,  a  beer  made  entirely  from  malt  and  a 
beer  made  from  80  per  cent  of  malt  and  20  per  cent  of  rice  are  given, 
in  bolih  of  which  the  same  quality  of  malt  was  used. 

Under  brewery  No.  3  a^re  given  determinations  for  ales  prepared 
from  80  per  cent  of  malt  and  20  per  cent  of  cerealin;  78  per  cent  of 
malt  and  22  per  cent  of  cerealin;  75  per  cent  of  malt  and  25  per  cent 
of  cereaUn;  and  65  per  cent  of  malt,  28  per  cent  of  cerealin,  and  7 
per  cent  of  brewer's  sugar.  The  same  quaUty  of  malt  was  used  in 
all  of  these  brews,  but  the  brews  were  of  diflFerent  strengths. 

Table  VII  is  given  practically  in  two  parts,  the  first  part  showpaig 
the  actual  results  obtained  by  the  analysis  of  the  finished  beer  or  ale 
and  the  second  part  showing  protein,  ash,  and  phosphoric  acid  calcu- 
lated to  the  basis  of  a  uniform  wort  containing  15  per  cent  of  soUds. 

Taking  into  consideration  the  actual  results  obtained  upon  the 
beers  and  ales,  it  will  be  seen  in  the  case  of  brewery  No.  1  that  the 
three  beers  vary  in  composition  to  a  considerable  degree.  Especially 
is  this  variation  marked  in  regard  to  the  protein,  ash,  and  phosphoric 
acid  contents,  which  exhibit  a  marked  decrease  approximately  in 
direct  proportion  to  the  amount  of  cerealin  or  corn  substituted  for 
malt.  The  same  condition  is  apparent  in  the  case  of  the  products 
made  in  brewery  No.  2,  the  beer  made  from  80  per  cent  of  malt  and 
20  per  cent' of  rice  showing  a  material  reduction  in  protein,  ash,  and 
phosphoric  acid.  In  brewery  No.  3,  however,  a  somewhat  different 
condition  is  noted.  Unfortunately,  there  is  no  all-malt  product  of  this 
brewery  to  compare  with  the  brews  made  from  a  portion  of  cerealin  or 
from  cerealin  and  brewer's  sugar.  It  will  be  noted,  however,  that  when 
tho  actual  results  obtained  on  the  finished  products  of  this  brewery 
are  compared  with  those  of  the  all-malt  brews  of  breweries  Nos.  1  and 
2,  they  do  not  clearly  show  a  reduction  of  protein  and  ash  as  might 
be  expected.  For  example,  in  the  case  of  one  of  the  samples  of  the 
ale  made  with  25  per  cent  of  cerealin  and  75  per  cent  of  malt  (sample 
No.  2951 2-B),  the  percentage  of  protein  is  0.65  and  of  the  ash  0.266. 
The  percentages  of  protein  and  ash  for  the  three  samples  of  this  ale 
represented  by  Nos.  29512-B,  29514-B,  and  29519-B  are  higher  than 
were  found  in  any  of  the  all-malt  products  of  the  first  two  breweries 
under  consideration.  This,  however,  can  be  readily  explained  when 
it  is  considered  that  in  the  case  of  brewery  No.  2  in  the  all-malt  beers 
(sample  No.  2201 7-D)  only  58  pounds  of  malt  were  used  in  the  prepa- 
ration of  a  barrel  of  beer  containing  31  gallons;  while  in  the  case  of 
sample  No.  29512-B  there  were  used,  in  preparing  a  barrel  of  similar 
capacity,  68  pounds  of  malt  and  23  pounds  of  cerealin.  That  is,  in 
the  second  product  there  is,  in  the  same  volume  of  liquid,  the  extrac- 
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tive  material  from  68  pounds  of  malt  and  23  pounds  of  c<».realin,  while 
in  the  first  prpduct  there  is  present  the  extractive  material  from  only 
58  poimds  of  malt.  Since  the  analysis  is  made  upon  the  finished 
liquid  it  is  evident  that  the  percentage  composition  of  any  particular 
ingredient  should  be  very  much  larger  in  the  second  product  because 
of  the  very  much  larger  amoimt  of  material  used  in  its  preparatkm. 
It  is  apparent,  therefore,  that  no  direct  comparison  cun  be  made 
between  th6  percentage  composition  of  these  different  brews  in  order 
to  determine  the  effects  of  the  raw  materials  upon  their  composition. 

The  most  satisfactory  way  to  have  tested  this  question  of  the  effect 
of  i^w  materials  on  the  finished  product  would  have  been  to  make  & 
series  of  worts  with  exactly  the  same  percentage  of  solids,  some  of 
pure  malt  and  others  of  mixtures  of  pure  malt  and  com,  rice,  and 
cerealin;  then  a  direct  comparison  between  the  results  would  have 
shown  the  effects  of  these  various  materials.  This  method  was 
impracticable  because  it  was  necessary  to  take  the  brews  as  actu- 
ally made  under  varying  commercial  conditions.  The  object  sought 
can  be  accomplished,  however,  by  calculating  the  results  of  these 
analyses  either  to  the  basis  of  dry  material  in  the  original  wort,  or  by 
calculating  them  to  the  basis  of  a  wort  with  constant  water  content. 
It  was  decided  to  calculate  all  of  the  results  to  the  basis  of  a  wort 
containing  15  per  cent  of  solids,  as  this  would  give  a  uniform  basis 
for  comparison  and  would  be  approximately  an  average  wort.  The 
method  employed  in  calculating  the  various  beers  and  ales  to  this 
uniform  basis  was  as  follows: 

The  percentage  of  soUds  in  the  original  wort  was  calculated  by 
multiplying  the  percentage  by  weight  of  alcohol  by  2  and  adding  the 
percentage  by  weight  of  extract.  The  result  for  an  ordinary  beer 
would  be  about  12  per  cent,  while  in  the  case  of  a  very  heavy  ale  it 
might  be  as  high  as  18  or  20  per  cent.  The  actual  percentages  ci 
protein,  ash,  and  phosphoric  acid  foimd  by  analysis  were  then  cal- 
culated to  the  basis  of  a  imiform  wort  containing  15  per  cent  of  solids. 
This  was  the  method  used  for  preparing  the  second  part  of  this  table. 
A  study  of  this  portion  of  the  table  shows  the  actual  effects  of  the 
various  substitutes  used  for  malt  on  the  composition  of  the  fermented 
product.  For  instance,  the  first  of  the  aU-malt  beers  from  brewery 
No.  2  (22017-D)  showed  in  the  analysis  of  the  original  product  a  pro- 
tein percentage  of  0.603,  an  ash  percentage  of  0.206,  and  a  phosphoric 
acid  percentage  of  0.079.  When  calculated  to  the  basis  of  a  wort 
containing  15  per  cent  of  soUds  instead  of  12.72  per  cent  (the  actual 
percentage  of  soUds  in  the  wort  from  which  it  was  made),  it  gave  the 
following  percentages:  Protein,  0.712;  ash,  0.243;  and  phosphoric 
acid,  0.093.  In  the  case  of  brewery  No.  3,  sample  No.  29512-B, 
where  the  original  analysis  of  the  product  showed  0.650  per  cent  of 
protein,  0.266  of  ash,  and  0.057  of  phosphoric  acid,  it  will  be  found 
that  when  this  product  is  calculated  to  the  basis  of  a  wort  of  15  per 
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cent  of  solids  instead  of  a  wort  of  19.52  (the  actual  percentage  of 
solids  in  the  wort  in  this  case)  the  percentage  of  ash  is  0.204,  of  pro- 
tein 0.499,  and  of  phosphoric  acid  0.044.  A  comparison  of  these 
results  shows  that  in  the  protein,  ash,  and  phosphoric  acid  there  has 
been  a  material  reduction  below  the  figiires  foimd  upon  the  all-malt 
beer,  due  to  the  presence  of  the  25  per  cent  of  cereaUn.  A  study  of 
these  results,  calculated  to  the  basis  of  15  per  cent  of  solids  in  the 
wort,  shows  very  clearly  that  the  general  eflFect  of  the  substitution  of 
cerealin,  brewer's  sugar,  rice,  and  com  is  to  reduce  the  content  of 
ash,  protein,  and  phosphoric  acid. 

It  is  evident  from  the  results  here  given  that  the  most  important 
things  to  be  considered  in  'judging  the  nature  of  the  raw  materials 
used  in  the  preparation  of  a  beer  are  the  quantities  of  protein,  phos- 
phoric acid,  and  ash;  as  the  other  constituents  present  in  the  finished 
beer  are  more  or  less  variable,  the  quantities  present  depending  upon 
the  methods  of  mashing  and  fermentation. 

Table  VIII  contains  a  summary  of  results  giving  the  ash,  protein, 
and  phosphoric  acid  in  all  of  the  finished  products  of  known  composi- 
tion which  were  examined,  calculated  to  the  basis  of  a  uniform  wort 
of  15  per  cent  of  solids. 

Table  VIII. — Summary  of  the  results  of  analyses  (showing  ash,  protein^  and  phosphoric 
acid  determinations)  in  all  finished  products  of  hnovm  composition^  <^lculated  to  the 
basis  of  a  uniform  wort  containing  13  per  cent  of  solids. 


Raw  materials. 


Malt. 


80  per  cent  malt  and  20  per  cent  rice I  Beer . . . 

66  per  cent  malt  and  34  per  cent  rice do, , 

62  per  cent  malt  and  38  per  cent  rice do. , 

56  per  cent  malt  and  45  per  cent  rice do.. 

50 per  cent  malt  and  50  per  cent  rice i do.. 


Products. 

Ash. 

Protein 
(NX6.25). 

Beers:  31  samples: 

Maximum 

Minimum 

Average 

PereerU. 

0.336 

.230 

.276 

Percent. 

1.079 

.701 

.870 

Phos- 
phoric 
acid  (as 
PtOj). 

Percent. 

0.143 

.087 

.100 


Maximum... 


70  per  cent  malt  and  30  per  cent  com I  Beer... 

Do do., 

«8  per  cent  malt  and  32  per  cent  com do.. 


Do. 
Do. 


60  per  cent  malt  and  40  per  cent  com . 
Do. 
Do. 


46  per  cent  malt  and  55  per  cent  com. 


65  per  cent  malt  and  35  per  cent  cerealin 

80  per  cent  malt  and  20  per  cent  cerealin 

78  per  cent  malt  and  22  per  cent  cerealin 

Do 

Do 

75  percent  malt  and  25  per  cent  cerealin 

Do 

Do 

65  per  cent  ma)t,  7  per  cent  brewer's  sugar,  and  28 
per  cent  cerealin 

Do 

Do. 


-do., 
.do,, 
.do., 
.do., 
.do.. 


.do.. 


Maximum., 


Beer . . . 

Ale 

do.. 


-do., 
.do., 
-do., 
.do.. 


.do.. 


.do., 
.do., 
•do.. 


Maximum.., 
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A  study  oi  the  results  given  in  Table  VIII  shows  that  in  the  case  of 
American  beers  the  all-malt  beers  are  higher  in  ash,  protein,  and 
phosphoric  acid  than  are  any  of  the  beers  made  from  a  mixed  madi 
of  malt  and  other  cereals.  The  difference  is  sufficiently  marked  to 
make  it  possible  to  draw  a  rather  sharp  line  between  the  all-malt 
beers  and  the  beers  made  from  the  present  commercial  mixtures. 
Take,  for  instance,  the  beers  made  from  mixtures  of  malt  and  rice  in 
which  the  proportion  of  rice  varies  from  20  to  50  per  cent.  It  will  be 
seen  that  in  none  of  these  samples  is  the  ash,  phosphoric  acid,  or 
protein  so  high  as  the  minimum  foimd  in  the  all-malt  beers.  The 
same  will  be  seen  in  the  case  of  the  malt-and-com  beers.  In  none 
of  the  malt-and-com  beers  is  the  ash,  protein,  or  phosphoric  acid  so 
high  as  the  minimmn  found  in  the  aU-malt  beers,  and  the  same  is 
true  of  the  mixtures  of  malt  and  cerealin  and  of  malt,  brewer's  sugar, 
and  cerealin.  This  shows  clearly  that  the  commercial  beers  made 
in  this  coimtry  from  malt  and  malt  substitutes  can  be  distinguished 
readily  from  aU-malt  beers. 

When  the  average  composition  of  the  21  all-malt  beers  exammed 
is  taken  into  consideration  it  will  be  seen  that  there  is  a  very  sharp 
line  of  demarcation  between  the  all-malt  and  the  malt,  rice,  and  cem 
products.  From  the  figures  which  were  obtained  upon  American 
beers  it  would  seem  that  protein  as  a  rule  is  more  sharply  reduced 
by  the  addition  of  malt  substitutes  than  is  the  ash  or  the  phosphoric 
acid,  although  where  com  or  cerealin  is  used  there  is  a  very  marked 
reduction  in  the  amount  of  phosphoric  acid.  It  would  appear,  there- 
fore, from  the  results  of  this  investigation  that  in  the  consideration 
of  American  beers  it  will  be  comparatively  easy  to  draw  a  line  be- 
tween beers  made  solely  from  malt  and  those  made  from  mixtures 
of  malt  with  rice,  com,  and  other  substitutes. 

This  conclusion  is  not  entirely  in  agreement  with  the  results  which 
have  been  obtained  by  others  upon  foreign  beers,  in  the  preparation 
of  which  low  protein  barleys  have  been  used.  Joseph  Race^  has  re- 
ported some  interestiag  results  of  an  investigation  carried  on  for  the 
same  purpose  as  that  for  which  this  particular  investigation  was 
undertaken;  that  is,  to  distinguish  between  all-malt  beers  and  those 
made  from  substitutes.  His  results  do  not  show  as  sharp  a  reduc- 
tion of  the  protein,  but  he  found  in  his  aU-malt  beers  a  very  much 
lower  percentage  of  total  protein  than  w'as  found  in  the  malt  beers 
of  this  country.  He  did  observe,  however,  a  material  reduction  of 
the  phosphoric  acid  due  to  the  use  of  substitutes.  Unfortimately, 
he  made  his  determination  of  phosphoric  acid  in  the  ash,  and  while 
he  reports  a  marked  difference  between  the  phosphoric  acid  content 
of  the  malt  beers  and  those  made  from  substitutes,  his  total  figures 
for  phosphoric  acid   are  much  lower  than  those  reported  in  this 

»  J.  Soc.  Chem.  Ind.,  27  (1908),  544-547. 
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bulletin.  For  this  reason  the  figures  for  total  phosphoric  acid  given 
by  him  Are  not  at  all  comparable  with  those  determined  by  the 
moist  combustion  method,  by  the  uranimn  acetate  method,  or  by 
the  method  of  ashing  with  calcium  acetate.^ 

The  same  fact  observed  by  Race,  namely,  that  foreign  beers  are  of 
low  protein  content,  is  shown  very  clearly  in  the  published  literature 
on  European  beers  in  general.  Konig^  gives  the  following  results  of 
analyses  made  by  himself  and  H.  Weigmann  of  two  all-malt  beers, 
calculated  to  the  basis  of  a  wort  containing  15  per  cent  of  solids: 


Beer  and  percentage  of  wort. 


Protein. 


Aah. 


Phos- 
phoric 
add. 


Pare  malt  beer. 
12  per  cent  wort. 
HpereentwoFt. 


Percent. 


0.548 
.457 


Percent. 


0.259 
.214 


Percent. 


0.008 
.076 


From  these  results  of  Konig  it  wiU  be  seen  that  the  protein  content 
of  these  beers  is  considerably  less  than  that  of  the  beers  examined  by 
the  writers.  As  the  phosphoric  acid  and  ash  results,  however,  are 
practically  the  same  as  in  American  beers,  it  might  be  expected  that 
the  use  of  substitutes  in  place  of  the  low-protein  malt  would  not  show 
so  sharp  a  reduction  of  the  protein  as  was  found  by  the  authors, 
although  one  would  expect  a  reduction  in  phosphoric  acid  and  ash 
similar  to  that  foimd  in  American  beers.  This  is  confirmed  by  the 
results  obtained  by  Race. 

Robert  Wahl*  made  parallel  brewings  of  a  high-protein  barley  and 
a  low-protein  barley,  and  from  these  obtained  two  beers  which,  when 
calculated  to  a  uniform  wort  with  15  per  cent  of  solids,  showed  a  total 
protein  in  the  beer  made  from  the  low-protein  malt  of  0.734  per  cent, 
and  in  the  beer  made  from  the  high-protein  malt  1 .041  per  cent.  This 
clearly  indicates  that  where  a  beer  is  made  from  high-protein  barley, 
as  is  the  case  with  practically  all  of  the  beers  made  in  this  country,* 
the  reduction  in  protein  by  the  use  of  substitutes  will  be  a  valuable 
index  to  the  true  nature  of  the  product.  This,  when  taken  in  connec- 
tion with  the  reduction  of  phosphoric  acid  brought  about  by  the  use 
of  substitutes,  gives  two  factors  of  value  in  judging  American  beers, 
to  determine  whether  or  not  substitutes  have  been  used;  while  in  the 
case  of  beers  made  from  low-protein  barley  there  is  practically  only 
toe  factor,  namely,  the  reduction  of  phosphoric  acid. 

>  Riley,  in  his  r^>ort  to  the  Association  of  Official  Agricultural  Chemists  for  the  year  1913,  showed  that 
a  large  proportion  of  the  phosphoric  add  was  ordinarily  lost  when  the  beer  was  directly  ashed  (J.  Assoc. 
Off.  Agr.  Chemists,  1  (1915),  138-143).  For  this  reason,  in  comparing  the  amount  of  phosphoric  add  given 
in  the  literature  on  beers,  it  is  very  essential  to  know  the  method  used  for  determining  the  phosphoric  add. 

*  Kdnig,  F.  J.,  Chemie  der  Menschlichen  Nahrungs-  und  Genussmittel,  4th  ed.,  v.  1,  p.  1154.  Berlin,  1903. 
,    *  Am.  Brewers'  Rev.,  18  (1904),  339. 

»  Wahl,  Robert    In  Am.  Brewere'  Rev.,  29  (1915),  31ft-317. 
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After  this  rather  extensive  study  had  been  made  at  the  three 
breweries,  the  investigation  was  extended  to  include  breweries  in 
various  sections  of  the  country  where  different  types  of  raw  materiab 
were  used.  A  special  effort  was  made  to  obtain  authentic  saxapleB 
of  practically  aU  of  the  malt  beers  made  in  this  country  and  also  a 
large  series  of  malt-and-rice  and  malt-and-com  beers.  In  Table  IX 
have  been  tabulated  the  results  obtained  on  all-malt  beers.  .ATI  of 
these  results  show  practically  the  same, condition  noted  in  the  other 
samples  of  malt  beer;  that  is,  a  comparatively  high  protein  and 
phosphoric  acid  content  as  compared  with  beers  made  in  part  from 
rice  or  com.  These  malt  beers  show  figures  considerably  higher 
in  protein  than  those  given  in  the  Hterature  for  all-malt  beers  made 
from  the  low-protein  malt  of  Europe. 
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Iq  Tables  X  and  XI  are  given  the  results  for  beers  made  from  malt 
and  rice  and  from  malt  and  com.  A  study  of  these  tables  shows 
the  same  condition  as  was  noted  in  the  other  tables  giving  malt- 
and-rice  and  malt-and-com  beers;  that  is,  the  beers  have  a  lower  pro- 
tein and  phosphorio  acid  content  than  those  made  entirely  from  malt. 

Table  X. — Analyses  of  Tnalt-arul-rice  ATnerican  beers. 


Sample 
No. 

Raw  materials. 

AkohoL 

Extract 

(SchulU 

and 

Oster- 

mann). 

Extract 
in 

wort 
(calcu- 
lated). 

OfS? 

menta- 

Uon. 

Total 

acid 

as 

lactic. 

Volatile 

acid 

as 

acetic 

Reduc- 
tag    ' 

sugars 
as        D«- 

anhy-     triiL 

drous 
mal- 
tose. 

2204»-D 

80  per  oent  malt  and  20 
per  cent  rice.        

Per  et.  by 
weight. 
8.16 

3.32 

2.86 

3.56 

3.44 

Per  a. 
5.13 

5.50 

6.16 

4.96 

5.67 

Peret. 
11.45 

12.14 

11.88 
12.08 
12.55 

55.20 
54.70 
48.16 
58.94 
54.82 

Perm. 
0.241 

.106 

.178 

.151 

.160 

Perct. 
0  003 

Peret.    Per  a. 

1    J»            9  11 

23527-E 

66  per  cent  malt  and  34 
per  cent  rice 

.008         1  4A         9.U 

23581-E 

62  per  cent  malt  and  38 
per  cent  rice 

.014 
.007 
.006 

1.77  ,       1.15 

23587-E 
23586-E 

5Dper  cent  malt  and  45 
percentrioe 

50  per  cent  malt  and  50 
per  cent  rice 

1.34         lU 
L44         Iff 

Raw  materials. 

Pro- 
tein 
(NX 
6.25). 

Ash. 

Phos- 
phoric 
add 
(as 
PsOO. 

Un- 
deter- 
mined. 

Polar- 
imeter. 

Color 
(Lovi- 
bond) 

ln<A 
cen. 

C«lcalat6dtofaasisGr 
wort  with  15  p«r 
cent  of  solids. 

Sample 
No, 

Pro- 
tein 
(NX 
6J5). 

Ash. 

Pho»- 
phorie 

(•s 
PtOi). 

2204^D 

80  per  cent  malt  and  20  per 
cent  rice 

Peret. 
0.396 

.449 

.386 

.306 

.294 

Peret. 
0.154 

.160 

.162 

.119 

.140 

Perct, 
0.066 

.068 

.048 

.062 

.047 

Peret. 
0.62 

.69 

.69 

.76 

.72 

De- 

ffreeB 

+37.2 
+40.0 
+48.6 
+37.0 
+46.4 

greet.i 
2 

.      3 

2 
2 

Peret. 
0.517 

.555 

.488 

.880 

.851 

Peret. 
0.302 

.198 

.205 

.148 

.167 

Peret. 

23527-E 

66  percent  malt  and  34  per 
cent  rice 

.OM 

23581-E 

62  per  cent  malt  and  38  per 
cent  rice 

.061 

23587-E 

55  per  cent  malt  and  45  per 
cent  rice 

.07T 

235S6-E 

60  per  cent  malt  and  50  per 
cent  rice 

.OS 

I  Brewer 's  scale. 
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sample 
No. 

1 
Raw  materials. 

Alcohol. 

Extract 

[Schultt 

and 

Oster- 

mann). 

Extract 
in 

wort 
(calcu- 
Uted). 

Decree 
offer- 
menta- 
tion. 

Total 

acid 

as 

lactic. 

Volatne 

acid 

as 

acetic. 

Reduc- 
ing 
sugars 

as 
anhy- 
drous 
mal- 
tose. 

Dex- 
trin. 

3534>E 

70  per  cent  malt  and  30 
per  cent  com 

Peret.by 

'^% 

8.03 

3.37 
8.26 
3.37 

3.09 
3.16 
3.26 
3.19 
3.23 

3.43 

Perct. 
5.53 
4.85 

5.96 
6.14 
6.07 

4.90 
6.07 
6.07 
5.80 
5.67 

5.75 

Per  a. 
11.03 
10.91 

12.70 
12.66 
12.81 

11.06 
12.39 
12.59 
11.98 
12.13 

12.61 

50.32 
55.55 

53.07 
51.50 
52.62 

65.78 
51.01 
51.79 
53.34 
53.26 

54,40 

Peret. 

0.125 

.224 

.116 
.134 
.143 

.178 
.214 
.205 
.173 
.178 

.169 

Peret. 

0.005 

.011 

.006 
.016 
.020 

.020 
.009 
.009 
.014 
.014 

.007 

Peret. 
1.27 
1.15 

L63 
1.54 
1.56 

1.35 
1.60 
1.55 
1.85 
L84 

1.44 

Peret. 
8.13 

2353&-E 

do 

2,76 

23518-E 

68  per  oent  malt  and  32 
per  oent  c<^ti.  ....,.,., 

3.07 

28fl61-E 
33672-E 
235&4-E 

do 

do 

60  per  oent  malt  and  40 

3.07 
3.20 

2.43 

33633-E 
236aO-E 
16»6-C 
162^-0 

do 

do 

do 

do 

3.36 
3.06 
2.61 
2.41 

23524-E 

45  per  cent  malt  and  55 
per  cent  com r 

3.19 

Raw  materials. 

Pro- 
tein 
(NX 
6.25). 

Ash. 

Phos- 
phoric 
add 
(as 
PiO»). 

Un- 
deter- 
mined. 

Polar- 
imeter. 

Color 
(Lovi- 
bond) 

inch 
oelL 

Calculated  to  basis  of 
wort  with  16  per 
cent  of  solids. 

Sample 

Pro- 
tein 
(NX 
6.25). 

Ash. 

Phos- 
phoric 
add 
(as 
PiO»). 

23684-E 

70  per  cent  malt  and  30  per 
cent  com 

Peret. 

0.252 

.267 

.390 
.893 
.392 

.416 

.490 
.501* 
.311 
.322 

.292 

Perct. 

0.146 

.137 

.127 
.153 
.140 

.159 
.155 
.187 
.219 
.205 

.122 

Peret. 

0.042 

.047 

.048 
.052 
.048 

.055 
.064 
.062 
.057 
.055 

.048 

Peret. 

0.73 

.53 

.74 
.98 
.60 

.54 
.46 
.77 
.61 
.89 

.71 

De- 

greet 

V. 
+42.6 
+37.2 

+49.6 
+48.0 
+47.0 

+34.6 
+45.0 
+44.4 
+41.0 
+41.0 

+45.6 

De- 
grees.^ 
2 
2 

3 

Peret. 

0.343 

.367 

.461 
.466 
.450 

.563 
.698 
.597 
.389 
.396 

.347 

Peret 

0.199 

.188 

.160 
.181 
.164 

.215 
.188 
.223 
.274 
.254 

.145 

Peret. 
0.057 

28535-E 

do. 

.065 

28518-E 

68  per  oent  malt  and  32  per 
oent  com. 

.057 

23561- E 

do. 

do 

60  per  cent  malt  and  40  per 
oent  com.. 

.062 

S^i 

.056 

.074 

23523-E 
23000-E 
16286- C 

do. , 

do. 

do 

do 

45  per  cent  malt  and  55  per 
cent  com 

5 
5 

.076 
.074 
.071 

16287- C 

.068 

28624-E 

2 

.057 

1 

1 

Brewer's 

scale. 

Iq  Table  XII  have  been  brought  together  the  results  of  the  exam- 
ination of  a  large  number  of  commercial  beers  of  American  produc- 
tion, which  were  represented  to  be  made  from  malt  and  hops.  This 
representation  subsequently  proved  to  be  false,  although  exact  infor- 
mation as  to  the  amount  or  kind  of  substitute  used  is  not  available. 
These  residts  are  of  value,  however,  in  showing  the  general  com- 
position .  of  American  beers  made  from  the  ordinary  commercial 
mixtures  and  clearly  indicate  that  by  taking  into  consideration  the 
ash,  protein,  and  phosphoric  acid  content  it  is  practicable  to  dis- 
tinguish commercial  beers  made  in  this  country  from  malt  and  malt 
substitutes  from  beers  made  from  malt  alone. 
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The  data  reported  in  Tables  X,  XI,  and  XII  give  the  results  of 
analyses  of  commercial  American  beers  obtained  from  various  brew- 
eries in  different  parts  of  the  United  States  as  these  beers  are  found  on 
the  market  at  the  present  time;  hence,  they  are  of  general  value  for 
the  purpose  of  showing  the  composition  of  American  beers.  These 
data  also  are  of  considerable  interest  when  we  compare  them  with 
data  relating  to  American  beers  published  by  the  department  in 
1887.*  A  comparison  of  these  two  sets  of  figures  shows  that  beers 
made  at  the  present  time  have  a  much  lower  percentage  of  alcohol 
and  are  made  from  a  wort  containing  a  much  lower  percentage  of 
solids  than  beers  made  a  generation  ago.  The  average  x)f  28  samples 
examined  and  reported  in  1887  in  the  publication  cited*  showed  an 
average  alcohol  content  of  4.63  per  cent  by  weight  and  solids  in  the 
original  wort  of  14.79  per  cent,  while  the  average  of  72  beers  repre- 
senting the  products  now  on  the  market  showed  an  average  of  3.52 
per  cent  by  weight  of  alcohol  and  solids  in  the  original  wort  of  12.50 
per  cent.  This  is  a  reduction  of  1 . 1 1  per  cent  by  weight  of  alcohol  and 
2.23  per  cent  of  solids  in  the  original  wort. 

CONCLUSIONS. 

The  all-malt  beers  made  in  this  country  contain  higher  percentages 
of  protein  than  the  all-malt  beers  made  in  Europe,  owing  to  the  use  in 
this  country  of  a  barley  high  in  protein. 

The  use  of  rice,  corn  or  com  products,  and  brewer's  sugar  as  substi- 
tutes for  malt  reduces  the  content  of  protein,  ash,  and  phosphoric 
acid  in  the  finished  beer. 

This  difference,  as  regards  the  protein;  ash,  and  phosphoric  acid, 
is  a  suflBcient  basis  for  distinguishing  the  all-malt  beers  made  in  this 
country  from  those  containing  the  commercial  mixtures  of  rice,  corn, 
cerealin,  and  brewer's  sugar. 

It  is  necessary  to  calculate  analytical  results  to  the  basis  of  a  com- 
mon wort  in  order  to  interpret  them  properly. 

lU.  8.  Dept.  Agr.,  Dlv.  Chem.,  Bui.  13, 1887,  pt.  3,  p.  282. 
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INTRODUCTION. 

In  the  summer  of  1914  the  writer  became  interei^d  in  some  studies 
having  for  their  object  the  control  of  humidity  in  the  curing  rooms 
of  one  of  the  lemon  packing  houses  in  southern  California.  These 
rooms,  20  in  number,  are  about  20  feet  long  by  20  feet  wide  and  10 
feet  high.  They  are  arranged  five  on  each  side  of  two  corridors, 
which  are  covered  by  monitor-type  ventilators  with  slatted  sides. 
The  rooms  are  equipped  with  ventilating  doors  along  the  outer  bot- 
tom side  and  inner  top  side,  arranged  in  such  a  way  that  they  can  be 
opened  easily  and  held  in  any  position  desired,  or  can  be  closed  so  as 
to  prevent  any  appreciable  movement  of  air  from  thj  rooms. 

The  walls  of  the  rooms  are  made  of  galvanized  steel.  A  4-indi 
space  between  the  walls,  on  all  sides  of  the  room  except  the  bottom, 
is  filled  with  redwood  sawdust.  The  floors  of  the  rooms  are  made 
of  2  by  4  inch  wooden  stringers  laid  flatwise  on  the  joists,  with  half- 
inch  spaces  between  them.  Underneath  each  room  is  a  small  earth 
cellar,  or  pit,  in  which  to  place  heating  appliances  for  use  in  raising 
the  temperature  of  the  rooms. 

65990''— 17 
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The  condition  of  relative  humidity  in  the  curing  rooms  is  deter- 
mined by  the  use'^of  a  sling  psychrometer.  Distilled  water  at  the 
room  temperature  and  clean  cloUi  covers  for  the  wet  bulb  have  been 
used,  and  the  directions  recommended  by  the  United  States  Weather 
Bureau  for  making  accurate  use  of  the  sling  psychrometer  have  been 
carefully  followed. 

Studies  were  made  to  determine  the  humidity  of  various  parts  of 
empty  and  filled  rooms  under  dilPerent  conditions  of  ventilation,  in 
order  to  establish  intelligently  a  practicable  and  satisfactory  method 
for  making  regular  humidity  observations.  Preliminary  determi- 
nations of  the  humidity  outside  the  curing  rooms  and  inside 
under  different  conditions  of  ventilation  were  made  before  any  con- 
trol measures  were  attempted.  Regular  hourly  tests  of  the  relative 
humidity  were  made  with  the  sling  psychrometer  in  several  parts  of 
the  room.  In  addition  to  these  observations  a  hygrothermograph 
was  placed  in  each  room,  in  order  to  keep  a  continuous  record  of  the 
conditions  of  temp>erature  and  humidity. 

OBJECT  OF  THE  EXPERIMENTS. 

The  object  of  the  humidity  studies  was  to  determine  the  effect 
of  various  percentages  of  relative  humidity  in  the  curing  rooms 
upon  the  curing  processes  of  the  lanons  and  to  find  out,  if  pooBiUe^ 
the  condition  resulting  in  the  most  satisfactory  curing,  as  shown  by 
the  color  and  texture  of  rind,  the  amount  of  shrinkage  during  storage, 
the  color  and  condition  of  the  calyx,  or  button,  as  it  is  commonly 
called,  and  the  commercial  quality  of  the  fruits. 

PLAN  OF  THE  WOBK. 

Owing  to  the  danger  of  injury  to  the  lemons  in  the  curing  rooms 
and  consequent  heavy  loss  to  the  owners  from  improper  coDditioos 
of  temperature  and  humidity,  it  was  decided  to  study  the  conditicn 
of  relative  humidity  and  its  control  in  empty  nxMns  and  with  small 
samples  of  fruit  before  attempting  the  control  of  humidity  in  rooms 
filled  with  lemons. 

In  the  first  place,  a  study  was  made  of  the  use  of  ventilation  in 
controlling  the  condition  of  humidity  in  the  caring  rooms.  At  the 
time  these  studies  were  begim,  in  July,  1914,  and  during  the  follow- 
ing four  or  five  months,  the  relative  humidity  of  the  atmosphere  at  the 
place  where  these  observations  were  made  was  normally  very  low.  The 
humidity  of  the  air  in  the  warmest  part  of  the  day,  usually  about  2 
o'clock  in  the  afternoon,  sometimes  dropped  to  less  than  10  per  cent 
The  coolest  part  of  the  day  during  this  same  season  was  nsnallj 
about  sunrise,  and  at  that  time  the  relative  humidity  was  frequentlj 
about  90  per  cent  and  often  reached  100  per  cent.    It  was  decided  to 
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attempt  to  hold  the  relative  humidity  of  several  curing  rooms  at 
about  the  following  conditions,  viz,  70  per  cent,  76  per  cent,  80  per 
cent,  86  per  cent,  90  per  cent,  and  96  per  cent. 

The  rooms  were  kept  tightly  closed  during  the  day  and  opened 
at  night,  when  the  conditions  of  the  outside  atmosphere  were  such  as 
to  make  ventilation  advisable,  in  order  to  assist  in  i^aintaining  the 
inside  condition  of  humidity  at  the  desired  point.  Owing  to  the  ex- 
treme fluctuation  ofihe  conditioDS  of  relative  humidity  in  the  out- 
side atmosphere  during  the  day  and  night  and  from  day  to  day, 
ventilation  alone  was  found  to  be  imi»*acticable  as  a  means  for  main- 
taining a  uniform  condition  of  humidity  in  the  curing  rooms.  It 
was  found  that  excessive  humidity  in  the  rooms  could  be  quickly 
reduced  by  opening  the  ventilators  during  the  day,  when  the  dew 
point  of  the  outside  air  was  much  lower  than  that  of  the  air  inside  the 
rooms.  The  real  difficulty  was  found  to  be  that  of  increasing  the 
humidity  in  the  curing  rooms  when  it  dropped  below  the  condition 
desired. 

METHODS  TRIED  FOR  INCREASING  THE  RELATIVE  HUMIDITY. 

Several  methods  were  tried  for  adding  to  the  humidity  in  the  cur- 
ing rooms.  The  ground  under  one  of  the  curing  rooms  was  sprinkled 
with  water.  This  method  proved  objectionable  from  the  fact  that 
by  its  use  molds  which  were  injurious  to  the  fruit  began  to  develop. 
Then  a  small  perforated  water  pipe  was  arranged  along  the  sides 
of  <me  room,  near  the  top,  with  a  valve  to  regulate  the  spray  of 
water  from  the  pipes.  This  method  was  found  to  be  inadequate. 
Liater,  sacks  of  coarse,  heavy  cloth  were  suspended  from  these  pipes 
and  the  spray  of  water  was  allowed  to  fall  on  them.  This  method 
was  also  found  to  be  ineffective. 

A  commercial  humidifier  used  in  tobacco  warehouses  was  tried  in 
one  of  the  rooms.  This  machine  consists  in  part  of  a  rapidly  re- 
volving fan  which  throws  a  fine  spray  -of  water  into  the  room.  For 
the  conditions  in  the  lemon  curing  room  this  apparatus  was  found  to 
be  impracticable  and  was  finally  discarded.  Other  somewhat  similar 
machines  manufactured  for  the  same  purpose  were  used  and  found 
to  be  of  little  or  no  value  for  this  work. 

About  this  time  the  writer  conceived  the  idea  of  increasing  the 
humidity  pf  the  curing  rooms  when  necessary  by  the  evaporation  of 
water  from  saturated  cloths.  Several  ways  of  doing  this  were  tried. 
The  first  apparatus  consisted  of  a  shallow,  galvanized-steel  pan,  2 
feet  wide,  3  feet  long,  and  6  inches  deep.  Into  this  pan  was  set  a 
series  of  wooden  frames,  about  3  feet  long  and  1  foot  high,  spaced 
about  2  inches  apart.  During  several  tests  they  were  covered  with 
cotton  and  other  absorptive  cloths.    The  pan  was  nearly  filled  with 
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water,  and  in  this  condition  the  water  was  drawn  into  the  cloths  by 
capillarity  almost  to  the  top  of  the  frames.  Over  the  frames  was 
placed  a  galvanized-steel  cover,  or  hood,  open  at  one  end  and  so  ar- 
ranged at  the  other  end  as  to  inclose  a  16-inch  electric  fan.  The  cur- 
rent of  air  from  the  fan  was  directed  between  and  over  the  saturated 
cloths.  In  this  way  the  water  was  evaporated  and  given  off  to  the 
air  in  the  room,  increasing  the  relative  humidity  more  efficiently 
and  safely  than  by  any  method  previously  tried.  However,  it  was 
soon  found  that  the  upper  part  of  the  cloths  soon  became  dry  under 
the  influence  of  the  air  current  from  the  fan,  and  in  an  hour  or  so 
the  effectiveness  of  the  apparatus  became  greatly  diminished. 

An  attempt  was  then  made  to  find  a  cloth  more  absorptive  than 
the  kinds  first  used.  Many  materials  were  tried,  with  the  result 
that  it  was  decided  to  use  Russian  crash,  a  very  coarse  linen  doth 
that  is  used  for  making  towels  and  for  decorative  purposes. 

With  the  use  of  the  Russian  crash  cloths  the  efficiency  of  the 
humidifier  was  improved,  but  it  was  still  imperfect  under  very  dry 
atmospheric  conditions.  Various  expedients  were  tried  to  increase 
still  further  the  evaporation  of  the  water  in  the  pan,  such  as  by  Ae 
addition  of  filter  paper,  sponges,  and  other  quickly  absorptive 
materials. 

THE  INVENTION  OF  THE  HUMIDIFIER. 

While  working  on  this  phase  of  the  problem,  the  writer  con- 
structed a  machine  with  two  water  pans,  an  upper  and  a  lower  one, 
with  strips  of  cloth  extending  through  slots  in  the  bottom  of  the 
upper  pan  to  the  lower  pan.  It  was  thought  that  in  this  machine  it 
would  be  possible  to  control  the  flow  of  water  from  the  upper  pan 
to  the  cloths  through  the  slots  by  pressing  the  slots  together  by  means 
of  thumbscrews.  This  method  was  found  to  be  impracticable.  It 
was  in  this  work  that  the  idea  occurred  of  raising  the  sides  of  ih^ 
slots  several  inches,  so  that  they  protruded  above  the  water  in  the 
top  pan.  The  cloths  were  drawn  up  through  the  raised  slots  and  the 
edges  were  allowed  to  drop  into  the  water  to  the  bottom  of  the  pan. 

Under  these  conditions,  the  water  in  the  pan  was  raised  cm  the 
cloths  by  capillarity  to  the  top  of  the  raised  slots,  where  it  dropped 
down  through  the  suspended  cloths  by  gravity  and  capillarity  cam- 
bined.  This  arrangement  proved  to  be  successful  in  every  respect 
and  met  the  requirements  for  use  in  lemon  curing  rooms  very 
satisfactorily. 

It  was  found  that  the  rate  of  flow  of  water  from  the  upper  pan 
through  the  cloths  to  the  lower  pan  could  be  regulated  to  a  nicety 
by  varying  the  height  of  the  raised  slots,  thereby  changing  the  length 
of  the  cloth  through  which  the  water  is  drawn  by   capillarity. 
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Naturally,  the  higher  the  raised  slot  extended  above  the  water,  the 
glower  was  the  passage  of  water  to  the  lower  pan. 

In  this  work  it  is  desirable  to  keep  the  cloths  saturated  during  the 
operation  of  the  machine,  but  with  little  or  no  excess  of  water 
dripping  into  the  lower  pan.    As  finally  constructed,  after  many 
tests- to  determine  the  best  arrangement,  it  was  found  that  raising 
the  slots  4  inches  above  the  bottom  of  the  pan  keeps  the  cloths  fully 
saturated  under  the  conditions  in  which  this  machine  is  used.    An- 
other method  of  controlling  the  flow  of  water  through  the  cloths 
is  to  vary  the  quantity  of  water  in  the  upper  pan,  filling  up  the  pan 
so  that  the  water  nearly  reaches  the  tops  of  the  raised  slots  in  order 
to  increase  the  rate 
of  the  flow  or  draw- 
ing off  some  of  the 
water  in  order  to  re- 
tard its  flow. 

If  it  is  desirable 
to  stop  the  absorp- 
tion of  the  water  by 
the  cloths  at  any 
time,  this  can  be 
done  easily  by  lift- 
ing the  ends  of  the 
cloths  out  of  the 
water  in  the  upper 
pan.  If  the  flow  of 
water  through  the 
cloths  is  such  as  to 
collect  in  the  lower 
pan,  this  excess  can  p,^„^ 

be  drawn  off  and  re-       Fio.  l. — side  view  of  the  humldlHer,  showing  its  arrange- 
'tomed  to  thft  iinnpr  ment  on  a  truck  and  the  spigot  for  drawing  off  excessive 

upper  water  In  the  lower  pan. 

pan.     Under  condi- 
tions of  very  low  humidity,  when  evaporation  from  the  cloths  is  very 
rapid,  it  may  be  found  advisable  to  maintain  some  water  in  the  lower 
pan,  as  well  as  in  the  upper  one,  in  order  to  keep  the  cloths  fully 
saturated. 

The  operation  of  this  humidifier  washes  all  of  the  air  in  the  room 
and  increases  the  humidity  uniformly,  a  very  important  factor  in 
lemon  curing  rooms.  Another  fact  of  great  importance  is  that  under 
conditions  of  low  humidity  the  humidifier  acts  rapidly,  while  under 
conditions  of  high  humidity  it  works  slowly.  One  advantage  of  this 
condition  is  that  it  reduces  the  danger  of  raising  the  humidity  of  the 
curing  room  to  a  point  which  would  be  unfavorable  for  lemon  curing. 
On  an  average  the  humidifier  will  raise  the  humidity  in  the  rooms  de- 
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scribed  about  10  per  cent  per  hour  in  the  range  from  70  to  90  per  cent 
of  relative  humidity.  In  a  condition  below  50  per  cent  of  relative 
humidity  the  humidifier  acts  more  quickly,  while  at  about  90  per  cent 
it  works  very  slowly ;  in  fact,  it  has  been  impossible  in  these  experi- 
ments to  raise  the  humidity  in  the  curing  rooms  during  very  dry 
days  much  above  95  per  cent  with  this  apparatus. 

CONSTRUCTION  OF  THE  HUMIDIFIER. 

The  illustrations  of  the  humidifier  (figs.  1  and  2)  show  its  general 
arrangement  and  its  position  on  a  truck,  whereby  it  can  be  moved 
from  place  to  place  when  needed.     The  detailed  structure  of  the 

humidifier  is  shown 
in  figures  3,  4,  5,  6, 
and  7.  The  upper 
pan  (1)  is  36  inches 
long,  24  inches  wide, 
and  6  inches  deep. 
The  lower  pan  (2)  is 
of  the  same  dimen- 
•  sions.  The  side  (4) 
of  the  cloth  chamber 
(3),  which  is  open  at 
,  both  ends,  is  36  inches 
long  and  20  inches 
high,  connecting  the 
upper  and  lower 
pans.  The  raised  slots 
(5)  are  4  inches  hi^ 
and  extend  to  within 
half  an  inch  of  either 
end  of  the  upper  pan, 
so  that  they  are  held 
PI7MIHP      firmly  in  position. 

Fig.  2. — K««ar  vl<'\v  of  tho  huinidinor,  showing  the  arrange-     The     UDPer     euds     of 
mcnt  of  the  electric  fan  in  the  hood.  ,-  •       <•       i    ^ 

the   raised   slots   are 

spread  slightly,  so  as  to  allow  the  easy  passage  of  the  strips  of 
cloth  (G).  The  pans,  sides,  and  other  metal  parts  are  made  of 
galvanized  steel  of  medium  weight.  The  comers  of  the  cloth 
chamber  are  strengthened,  with  angle  iron.  The  upper  edges  of  the 
strips  of  Russian  crash  are  drawn  through  the  raised  slots  and 
allowed  to  drop  down  into  the  water  in  the  «pper  pan,  as  shown 
in  figure  7  at  7.  The  bottom  edges  of  the  cloths  are  bound  with 
strips  of  sheet  metal  (8),  so  as  to  hold  them  in  place.  These  bound 
edges  of  the  cloth  strips  are  held  in  the  lower  pan  by  means  of  spring 
clips  or  clamps  (9)  which  are  soldered  to  the  bottom  of  the  lower  pan. 
The  strips  of  cloth  are  35  inches  wide,  so  as  to  fit  the  raised  slots, 

uigiTizea  oy  %^jv^v>''^lv. 
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and  36  inches  long,  so  as  to  extend  from  the  lower  pan. through  the 
raised  slots  and  drop  over  into  the  water  in  the  upper  pan. 

In  machines  con- 
structed after  the  ac- 
companying illustra- 
tions were  prepared 
it  was  found  desir- 
able to  have  the  for- 
ward edges  of  the 
hood  (10)  fit  inside 
the  opening  made  by 
the  top  and  bottom 
pans  and  the  inner 
edge  of  the  angle  iron 
in  the  comers  of  the 
cloth  chamber.  The 
hood  is  drawn  out  to 
a  circle  so  as  to  fit  the 
circumference  of  the 
blades  of  the  electric 
fan  (11),  which  is  16 
inches  in  diameter. 
The  humidifier  is 
placed  on  a    truck 

(12),     supported     on     p^^  s.— Front  view  of  the  hamldlfler,  showing  the  arrange- 
wheels      (13)     so     ar-  ment  of  the  abtorptlve  cloths  in  the  cloth  chamber. 

ranged  that  it  can  be  easily  moved  in  any  direction  by  means  of  the 
handle  (14).  Supports  (15)  are  placed  under  the  humidifier  and  fan 
to  raise  them  sufficiently  to  permit  a  pail  to  be  easily  placed  and  re- 
moved from  under 
I  the  spigot  (16). 

OPERATION  OF  THE 
HUMIDIFIER. 

Space  must  be  left 
in  the  curing  rooms 
so  that  the  humidi- 
fier can  be  quickly 
placed  in  position 
for  use  and  easily 
taken  out. 

Fio.  4. — Top  Tlew  of  the  upper  pan,  showing  the  arrange-         q^i 

ment  of  the  raised  slots  and  the  absorptive  cloths.     The  ^'^^      Upper      pan 

cloths  drop  from  the  raised  slots  to  the  bottom  of  the  pan.     should    be     filled     to 

the  proper  point  with  water,  care  being  taken  to  see  that  the  edges 
of  the  cloths  are  entirely  submerged.    The  fan  should  then  be  started. 
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Frequent  readings  of  the  humidity  in  the  rooms  should  be  made,  cmce 
every  hour  in  the  beginning,  by  means  of  the  sling  psychrometer.  A 
record  should  be  kept  of  these  readings  from  the  beginning  to  the 
end  of  the  curing  process.  A  convenient  form  for  recording  these 
data  is  as  follows: 

Humidity  record  of  the  curing  room. 


Time. 

Air 
tempera- 
ture. 

Psychrometer 
readings. 

Relative 

humid- 

Ity. 

Dew 

^  point. 

Outside  air. 

Date. 

£lS. 

Wet 
bulb. 

Tempera- 
ture. 

Humid- 
ity. 

point. 

Fig.  5. — Side  view  of  the  humidifier,  showing  details  of  congtmction. 

A  covered  jar  of  distilled  water  should  be  kept  in  each  room  for 
moistening  the  cloth  on  the  wet  bulb  of  the  sling  psychrometer.  The 
air  temperature  of  the  rooms  should  be  determined  from  standard- 
ized thermometers  hung  in  a  permanent  position  in  each  room. 

In  practice  it  has  been  found  that  the  number  of  himaidity  deter- 
minations in  the  rooms  can  eventually  be  greatly  reduced.  Usually, 
during  ordinary  weather,  three  readings  each  day  will  give  the 
necessary  information  for  use  in  handling  the  humidifier.  With 
fluctuating  weatlier  conditions  the  readings  will  of  necessity  be 
made  more  often.  It  is  very  desirable  to  make  at  least  one,  prefera- 
bly more  than  one,  daily  determination  of  the  air  conditions  outside 
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the  curing  rooms,  in  order  to  handle  the  humidifier  and  the  ventila- 
tion of  the  curing  rooms  intelligently. 

For  rooms  of  the  kind  and  size  and  under  the  conditions  described 
in  this  paper  one  humidifier  will  generally  be  sufficient  for  use  in  five 
rooms.    Witli  better  insulation  for  the  rooms  fewer  humidifiers  will 
be  needed,  and  where  the  insulation  is  not  so  good  or  where  temper- 
ature fluctuations  are  greater  than  those  where  these  rooms  are 
located,  more  humidifiers  will  be  needed.    The  cost  of  the  humidifier 
need  not  exceed  $25,  in  addition  to  the  electric  fan.     The  cost  of 
operation  will  depend  on  the  cost  of  running  the  fan.    The  deprecia- 
tion in  the  value  of  the  appara- 
tus is  insignificant. 
/ 


Kio.  6. — Ehid  view  of  the  hnmldlfler.  Fig.  7. — Cross  section  of  the  humidifier. 

If  impure  water  is  used  in  the  humidifier  it  will  be  found  necessary 
to  wash  the  absorptive  cloths  occasionally.  When  the  humidifiers  are 
not  in  use  the  cloths  should  be  allowed  to  dry  out  thoroughly. 

OTHER  USES  OF  THE  HUMIDIFIER. 

The  successful  use  of  the  humidifier  described  in  this  paper  in 
na  proving  the  humidity  of  private  homes  and  other  living  rooms 
las  been  demonstrated.  In  this  case,  much  smaller  humidifiers  can 
»o  used.  The  noise  caused  by  the  vibrations  of  the  electric  fan  in 
contact  with  the  humidifier  hood  can  be  largely  eliminated  by 
nserting  a  strip  of  rubber  at  this  point. 

The  use  of  the  humidifier  in  dry  or  desert  sections,  in  restaurants, 
.ffiees,  and  living  rooms  not  only  increases  the  humidity  in  these 
ooms  but  also  lowers  their  temperature,  both  of  which  conditions 


Digitized  by 


Google 


10  BULLETIN  494,  U.  S.  DEt^ARTMENT  OP  AGRICULTURE. 

are  very  desirable  during  excessively  hot  weather.  In  view  of  the 
fact  that  the  only  attention  needed  other  than  that  given  the  ordi- 
nary electric  fan  is  to  keep  the  upper  pan  filled  with  water,  the 
operation  of  this  humidifier  is  simple  and  practicable. 

RESULTS. 

The  use  of  the  humidifier  described  in  this  bulletin  in  lemon  curing 
rooms  for  two  seasons  has  demonstrated  the  possibility  of  maintain- 
ing a  uniform  condition  of  relative  humidity  in  such  rooms.  The 
action  of  the  humidifier  is  entirely  safe,  and  there  has  been  no  injury 
to  the  fruit  in  the  curing  rooms  in  which  it  has  been  used. 

The  maintenance  of  a  uniform  condition  of  humidity  in  the 
curing  rooms  has  resulted  in  an  improved  curing  of  the  fruits,  as 
shown  by  the  better  color  and  texture  of  the  rind,  the  green  color  and 
firm  condition  of  the  calyx,  or  "button,"  and  the  juiciness  of  the 
lemons,  as  compared  with  lemons  cured  in  the  ordinary  way  in  the 
same  building  and  at  the  same  time.  The  best  condition  of  humidity 
for  the  curing  of  lemons,  as  shown  by  these  experiments,  lies  be- 
tween 80  and  90  per  cent.  While  the  necessity  for  the  use  of  the 
humidifier  in  curing  rooms  varies  in  accordance  with  the  char- 
acteristic atmospheric  conditions  of  different  lemon-growing  regions, 
it  can  be  said  safely  that  in  order  to  maintain  uniform  conditions  of 
humidity  the  use  of  humidifiers  is  advisable  at  some  seasons  of  the 
year  in  all  the  lemon  districts  of  southern  California.  The  im- 
pioved  appearance  and  quality  of  one  carload  of  the  fruits  held 
under  uniform  conditions  of  humidity  through  the  use  of  the  humid- 
ifier are  likely  to  more  than  pay  for  the  humidifier  and  its  cost  of 
operation  for  the  entire  year.  - 

SUMMARY. 

X  humidifier  for  use  in  maintaining  conditions  of  uniform 
humidity  in  lemon  curing  rooms  was  invented  by  the  writer  in  1914. 

This  humidifier  was  the  outcome  of  a  series  of  experiments  for 
the  purpose  of  controlling  the  conditions  of  humidity  in  lemon 
curing  rooms. 

It  has  been  satisfactorily  and  successfully  used  for  two  seascHis 
for  the  purpose  for  which  it  was  built,  and  also  for  improving  the 
air  conditions  in  living  rooms  in  private  houses  and  elsewhere  in 
California. 

The  arrangement  and  structure  of  the  humidifier  are  described 
and  illustrated  in  this  paper.  It  need  not  cOst,  aside  from  the  elec- 
tric fan,  more  than  $25. 

The  best  condition  of  relative  humidity  for  curing  lemons,  as  de- 
termined by  these  experiments,  lies  between  80  and  90  per  cent 
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INTRODUCTION. 

Within  the  past  10  years  the  spray-irrigation  method  has  been 
adopted  over  a  wide  area  in  the  United  States,  especially  in  the 
Atlantic  Coast  States  from  Massachusetts  to  Florida.  Many  spray- 
irrigation  plants  have  been  installed  in  the  North  Central  States, 
while  scattered  installations  can  be  found  in  practically  all  southern 
and  western  States. 

In  spray  irrigation  water  is  applied  to  the  surface  of  soils  and  to 
crops  in  the  form  of  small  drops,  spray,  or  mist.^ 

The  first  systems  of  spray  irrigation  were  an  outgrowth  of  city 
lawn  sprinkling.  It  was  soon  demonstrated  that  by  employing  such 
systems  small  amounts  of  water  could  be  applied  advantageously  to 
delicate  crops,  especially  for  supplementing  an  uncertain  rainfall. 
This  method  also  was  found  particularly  well  adapted  for  furnishing 
relatively  small  quantities  of  water  to  truck  and  small  fruit  crops 
throughout  the  humid  region. 

^Use  of  Water  In  Irrigation,  by  Samuel  Fortler. 
Note. — This  bulletin  Is  of  special  interest   to  truck  and  small-fruit  growers  of  the 
eastern  part  of  the  United  States. 
66687"— Bull.  495—17 1 
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The  mtroductioo  of  gms,  oil,  and  electric  power  for  operatiDg 
pampB  on  the  tmruk  hms  proTided  means  of  devating  water  to  tk 
higlier  lands  and  generating  siiflicient  pressure  to  produce  the  desir^ 
spray.  Engineers  have  devised  systems  of  piping  and  ^)ecial  spm 
eqiiipmci^  for  irrigating  all  areas  by  spray  methods  and  have  intro- 
duced automatic  derioes  which  reduce  labor. 

The  object  of  this  bulletin  is  to  familiarize  the  farmer  with  cod- 
ditians  ondn*  which  spray  irrigation  may  be  undertaken  profit&bly. 
suggest  possible  water  supplies,  and  illustrate  typical  pumping  ma- 
chinery and  distribution  systems,  so  as  to  aid  the  prospective  irri- 
gator in  determining  whether  spray  irrigation  ^ould  have  a  plw 
in  his  farm  operations.  It  is  also  intended  to  present  infonnati(» 
necessary  in  working  out  an  intelligent  design  and  installation  of 
a  spray  system. 

BCONOMIC  CONDITIONS  JUSTIFYING  SPRAY  IRRIGATION. 

The  cost  of  spray-irrigation  systems  depends  upon  the  type  iu- 
stalled  as  well  as  upon  conditions  peculiar  to  eadi  farm.  A  portible 
outfit  may  cost  as  little  as  $50  per  acre  for  the  field  equipment,  whik 
a  stationary  distribution  system  may  cost  as  much  as  $150  per  uri 
To  these  figures  must  be  added  the  cost  of  a  main  pipe  line  letihii; 
from  the  water  supply  to  the  fields  and  usually  the  cost  of  it 
reloping  a  water  supply  and  installing  a  pumping  plant.  These 
additional  items  may  bring  the  total  outlay  per  acre  up  to  two  or 
three  times  the  cost  of  the  distributicm  system,  especially  on  sed^ 
acreage.  Assuming  a  cost  of  $250  per  acre  on  a  stationary  plant  to 
a  small  acreage,  the  farmer  ^ould  be  able  to  increase  his  annni 
returns  from  each  acre  to  cover  approximately  the  following  charge 

Six  per  cent  interest  on  $250 |15.0f 

Five  per  cent,  depreciation  on  equipment VL^ 

Two  per  cent,  maintenance  and  repairs 5.0' 

Cost  of  fuel  and  oil  at  4  cents  per  1,000  gallons  of  water  pumped  for 

6  acre-inches '6i^ 

Labor  in  irrigating,  1  man  6  days  at  $2 12.  i» 

Total  overhead  and  operating  expenses 51.* 

It  will  be  noted  that  $51  per  acre  per  year  is  necessary  in  retort 
to  cover  overhead  and  operating  expense  incidental  to  the  spn: 
system.  To  realize  a  fair  profit  from  the  irrigaticm  plant,  the  cte^ 
must  increase  in  value  something  more  than  $51  per  acre.  In  & 
case  of  berry,  tobacco,  and  orchard  crops  the  increase  must  be  derive. 

>The  subjects  of  lawn  and  greenhouse  irrlgatton  are  not  Indnded  in  this  ImUetiE. 

*  Cost  of  pamping  estimated  for  a  plant  operating  at  50  per  cent  efficiency  agates:  t 
total  head  of  150  feet,  using  gasoline  as  fuel.  The  amount  of  water  pumped  annwBr ' 
assumed  at  6  acre-inches  as  a  typical  duty  of  water  in  the  Atlantic  Coast  States  vter 
spray  irrigation  is  most  extensively  used.     More  arid  sections  require  larger  amooats. 
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from  one  main  crop  and  a  possible  intercrop.  On  the  other  hand,  the 
irrigator  of  truck  who  follows  intensive  culture  has  a  chance  of 
dividing  the  annual  increase  among  three  to  six  crops.  The  high  cost 
X)f  spray  irrigation  eliminates  its  use  on  many  crops  which  respond 
readily  to  irrigation.  It  is  possible,  however,  to  use  cheaper  methods 
of  distribution  on  many  of  these  crops  which  are  grown  on  land  hav- 
ing an  even  surface.  A  oHnbination  of  spray  irrigation  and  surface 
methods  on  the  same  farm  often  can  be  placed  imder  one  pumping 
plant,  as  illustrated  in  figure  1,  thereby  utilizing  to  the  fullest  extent 
the  water  supply,  pumping  equipment,  and  main  pipe  lines.  The 
typical  farm  illustrated  in  figure  1  indicates  the  use  of  spray  irriga- 
tion on  the  fnore  uneven  parts  where  the  topography  is  not  adapted 
to  cheaper  methods  but  where  the  soil  and  southern  slope  are  desir- 
able for  the  growing  of  early  and  intensive  truck  and  berry  crops 
that  will  justify  spray  irrigation.  The  main  feed  pipe  is  extended  to 
the  upper  and  more  even  parts  of  the  farm,  where  cheaper  methods 
of  irrigation  can  be  applied  to  alfalfa,  orchard,  bush  berries,  pota- 
toes, and  other  crops  groWn  in  wide  rows  for  horse  cultivation. 

Truckers  in  the  arid  sections  seem  to  favor  a  combination  of  spray 
irrigation  and  surface  irrigation  on  the  same  field.  The  spray  is 
used  in  the  preparation  of  the  seed  beds,  germinating  seeds,  and  start- 
ing newly  set  plants.  Later  the  crops  are  irrigated  during  the  matur- 
ing and  fruiting  periods  by  the  surface  furrow  or  check  methods.  A 
portable  spray  equipment  often  meets  these  conditions  most  economi- 
cally, because  it  can  also  be  used  for  the  irrigation  of  hot-bed  and 
cold-frame  crops. 

Adequate  markets,  labor,  and  fertilizer  facilities  are  other  essen- 
tials for  successful  spray  irrigation.  Good  roads  and  equipment  for 
quick  hauling  of  perishable  truck  and  berry  crops  to  a  railway  or 
other  express  service  station  Ynust  be  assured  unless  some  valuable 
annual  crop,  such  as  tobacco  or  onions,  which  can  be  cured  on  the 
farm,  is  being  grown  for  deliberate  marketing.  The  express  service 
for  irrigated  trucking  purposes  must  be  able  to  deliver  the  products 
promptly  and  in  a  fresh,  unwilted  state  to  markets  which  require  a 
continuous  supply  of  high-grade  vegetables.  Many  of  the  most  suc- 
cessful users  of  spray  irrigation  are  operating  on  small  areas  for  the 
raising  of  only  such  crops  as  can  be  consumed  by  the  local  trade  of 
a  small  town  or  commimity,  thus  simplifying  the  transportation  ques- 
tion greatly. 

Intensive  truck  or  berry  growing  imder  irrigation  requires  a  large 
amoimt  of  more  or  less  experienced  labor.  The  irrigator  should  man- 
age his  farm  in  a  way  which  will  enable  him  to  hire  men  for  long 
periods  and  reduce  the  necessity  for  employing  many  laborers  for 
short  periods.    The  moisture-supply  control  given  by  spray  irrigation 
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Fig.  l._TypIcal  80-acre  farm  In  humid  regions,  showing  development  of  water  supply 
by  reservoir  and  a  combination  of  spray  and  surface  methods  of  Irrigation  operated 
from  one  pumping  plant. 
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justifies  the  farmer  in  using  larger  amounts  of  fertilizers.  Truckers 
neax  Philadelphia  are  using  profitably  as  high  as  50  tons  of  manure 
per  acre  each  year.  Therefore,  proximity  to  manure  markets  is  a 
factor  of  importance  to  be  considered  by  the  prospective  spray  irri- 
gator. 

FARM  CONDITIONS  ADAPTED  TO  SPRAY  IRRIGATION. 

Where  economic  conditions  are  favorable  to  the  adoption  of  spray 
irrigation,  the  most  important  question  then  becomes  one  of  an  ade- 
quate water  supply,  which  will  be  considered  under  a  separate 
heading. 

Spray  irrigation  can  be  practiced  to  advantage  on  both  light  and 
heavy  soils.  By  this  method  it  is  possible  to  apply  evenly  to  sandy 
soils  the  small  quantities  of  water  which  such  soils  will  retain,  with- 
out the  loss  of  water  by  percolation  which  might  occur  with  other 
methods.  It  is  possible  also  to  apply  to  heavy  clay  soils  the  small 
(quantities  of  water  required  to  soften  such  soils  when  they  have 
baked  after  rains,  and  to  apply  water  no  faster  than  the  soil  can  ab- 
sorb it,  thus  preventing  loss  by  surface  run-off. 

Lands  to  be  irrigated  should  be  drained  as  completely  as  possible 
of  excess  moisture.  Many  tile-drained  fields  are  the  most  respon- 
sive to  crops  under  spray  irrigation. 

Spray  irrigation  is  practically  independent  of  the  topography  of 
the  field  and  can  be  applied  to  land  too  rolling  or  rough  for  surface 
methods.  It  is,  therefore,  adaptable  to  the  irrigation  of  side  hills  on 
which  soils  tend  to  wash  or  erode. 

AMOUNT  OF  VaTER  REQUIRED  FOR  SPRAY  IRRIGATION. 

As  yet,  the  available  knowledge  on  the  amount  of  water  required 
for  spray  irrigation  is  limited,  because  of  the  comparative  newness 
of  the  method  and  the  lack  of  actual  records  on  plants  under  a  time 
test.  The  writer,  however,  has  made  estimates  in  several  cases  by 
recording  the  number  of  hours  a  plant  of  known  capacity  has  been 
operated  with  effective  results.  In  the  humid  regions  amounts  not 
exceeding  one-fourth  inch  in  depth  often  are  considered  a  sufficient 
application  to  seed  beds  and  young  vegetables,  while  in  the  case  of 
maturing  garden  crops  and  strawberries  one-half  to  1  inch  may  be 
applied.  It  is  probable  that  truckers  in  the  humid  region  do  not 
use  more  than  6  inches  in  a  growing  season  and  in  many  seasons  4 
inches  or  less  will  supplement  the  rainfall  sufficiently.  More  water 
is  required  for  sandy  soils  than  for  clay.  A  crop  like  the  spray- 
irrigated  citrus  groves  of  Florida  may  require  as  much  as  3  inches 
per  irrigation.  Truck  and  citrus  growers  in  the  arid  regions  apply 
more  water  than  those  in  the  humid  region,  probably  because  of  a 
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large  evaporation  loss.  In  the  arid  region  the  truck  farmer  is  in- 
clined to  make  frequent  applications — every  3  or  4  days — ^rather 
than  to  apply  the  extra  amount  of  water  required  in  large  applica- 
tions which  will  wet  below  the  reach  of  the  vegetable  roots,  whik 
the  citrus  grower  applies  from  4  to  8  inches  each  time. 

For  spray  irrigation  suflScient  water  to  cover  the  land  to  a  depth 
of  1  inch  per  week  for  humid  regions  and  li  inches  per  week  for  arid 
regions  is  believed  to  be  a  safe  estimate  for  designing  purposes.  A 
spray  plant  should  be  large  enough  to  supply  these  amounts  of  wat» 
in  a  reasonable  length  of  time.  This  is  accomplished  generally  by 
installing  the  system  to  spray  from  one-fifth  to  one-half  of  the  total 
acreage  at  one  time,  depending  somewhat  upon  the  type  of  distribu- 
tion used  and  the  available  water  supply. 

The  capacity  of  a  pump  usually  is  stated  in  gallons  of  water  per 
minute  of  time.  The  following  table  of  equivalents  will  assist  in 
converting  local  irrigation  units  into  gallons  and  acre-inches  for 
estimating  purposes: 

1  acre-inch  equals  27,152  U.  S.  gallons. 

1  acre-inch  equals  3,630  cubic  feet. 

1  acre-Inch  per  hour  equals  452.5  gallons  per  minute. 

1  acre-inch  per  hour  equals  1.009  cubic  feet  per  second. 

DEVELOPMENT  OF  WATER  SUPPLIES. 

The  writer  will  consider  here  only  the  water  supplies  which  one 
or  more  farmers  can  develop,  for  practically  all  spray-irrigation 
installations  are  made  by  individuals  and  do  not  involve  the  de- 
velopment and  transportation  of  distant  supplies,  as  is  c<Hnmon  for 
community  irrigation  in  the  arid  regions. 

There  are  two  sources  of  water  available  for  irrigation — surface 
waters  and  underground  waters.  Surface  supplies  include  streams, 
lakes,  springs,  and  stored  drainage  and  rain  waters.  Underground 
supplies  are  obtained  from  sumps,  shallow  wells,  and  deep  wells. 

SURFACE  SUPPLIES. 

Streams  furnish  the  greater  portion  of  the  water  used  for  irriga- 
tion. 

In  most  of  the  Western  States  methods  of  procedure  for  obtainii^ 
the  right  to  take  water  for  irrigation  purposes  from  public  stresin^ 
have  been  outlined  by  law.  Eastern  States,  however,  have  not  en- 
acted such  laws,  and  this  is  apt  to  restrict  the  use  of  water  from 
many  streams.  This  is  true  especially  where  the  water  is  being  used 
for  developing  power,  or  where  the  entire  flow  is  taken  from  the 
stream,  or  when  a  riparian  owner  exerts  his  lawful  rights.  These 
restrictions  are  not  likely  to  apply  to  lakes  unless  sufficient  water  is 
taken  to  lower  considerably  the  water  level  in  the  lake,  or  the  lake 
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feeds  a  stream.    The  right  to  use  water  from  a  spring  originating 
on  the  farmer's  land  probably  never  will  be  questioned. 

The  use  of  water  for  spray  irrigation  requires  a  farm  pumping 
plant.  The  pump  should  be  located  as  near  as  possible  to  the  field, 
so  as  to  avoid  a  large  discharge  line,  and  the  suction  pipe  should  be 
made  as  short  as  possible.  The  vertical  suction  lift  should  be  kept 
under  25  feet.  The  horizontal  distance  between  pump  and  water 
should  not  exceed  300  feet.  Where  water  is  taken  from  a  stream 
or  lake  having  high  banks  it  may  be  necessary  to  locate  the  pump 
on  a  made  terrace  within  suction  lift  of  the  water,  and  in  extreme 
cases  it  may  be  necessary  to  so  locate  both  power  plant  and  pump. 
Many  surface  supplies  are  surrounded  by  lowlands,  and  under  such 


Fic.  2. — Pumping  from  stream  with  2-8tag:e  centrifugal  pump  and  gasoline  engine, 
with  house  removed.  Note  lack  of  sharp  angles  in  suction  and  discharge  pipe^. 
D,  Discharge  pipe ;  E,  expansion  Joint ;  O,  gasoline  tank ;  P,  priming  barrel ;  S,  suc- 
tion pipe. 

conditions  the  water  may  be  carried  to  a  pumping  plant  in  an  open 
ditch  or  large  tile,  permitting  the  pumping  machinery  to  be  located 
nearer  the  field  and  on  firm  ground.  Figure  2  illustrates  a  pumping 
outfit  located  on  a  farmer's  wharf*  before  a  house  was  built.  Many 
eastern  streams  overflow,  and  where  it  is  impracticable  to  place  the 
pumping  plant  above  the  high- water  line  it  is  necessary  to  use  a 
portable  outfit  which  can  be  moved  quickly.  This  usually  is  accom- 
plished by  placing  the  pump  and  engine  on  a  set  of  skids  or,  with 
small  plants,  on  wheels.  In  either  case  it  is  well  to  have  a  perma- 
nently located  solid  foundation  to  hold  the  plant  when  in  operation. 
A  quick  method  of  connecting  and  disconnecting  the  discharge  and 
suction  pipes  should  be  provided,  bolted  flange  or  flexible  hose  con- 
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nections  being  commonly  used.    Only  removable  suction  pipe  ^oM 
be  placed  in  surface  supplies  which  freeze  in  winter. 

STORAGE  WATER. 

In  many  cases  excellent  water  supplies  for  spray  irrigation  plants 
are  obtained  from  streams,  drains,  and  wells  which  do  not  have  a 
continuous  flow  of  water  suflScient  without  storage.  In  such  cases 
the  water  may  be  stored  in  a  small  reservoir.  Figure  1  illustrates  i 
small  stream  across  which  an  earthem  dam  has  been  built  at  a  point 
where  it  will  back  considerable  water  over  a  flat  area  and  hold  it 
until  the  farmer  needs  to  irrigate.  In  the  Eastern  States  mKi 
smaller  reservoirs  can  be  used  than  in  the  arid  regions,  because  the 
rains  are  more  frequent  and  are  sufficient  to  make  the  small  streams 
flow  every  few  weeks.  Likewise  in  the  more  humid  sections  water 
from  farm  drains  and  rain  water  flowing  from  hillsides  and  roofs 
of  buildings  can  be  conserved  by  storage  in  reservoirs  or  cisterns 
built  of  clay  brick  or  cement,  and  in  this  way  many  gardens  may  be 
saved  in  dry  periods.^  A  section  in  eastern  Pennsylvania  is  rep- 
resentative of  the  Eastern  States  where  spray  irrigation  has  deid- 
oped.  The  writer  estimates  from  a  study  of  rainfall  records  and 
drought  periods  covering  20  growing  seasons  in  this  section  that 
the  storage  of  the  water  falling  on  the  roof  of  a  building  during  the 
summer  months  is  sufficient  to  irrigate  a  garden  which  is  three  times 
the  area  of  the  building.  The  reservoir  in  this  case  would  need  to 
hold  about  two  months'  rainfall  or  the  equivalent  of  6  inches  faUing 
on  the  roof. 

UNDERGROUND  WATERS. 

Underground  waters  may  be  divided  into  ground  and  arteaan. 
To  the  first  belong  the  waters  which  are  nearest  the  surface  and  more 
or  less  influenced  by  local  rainfall,  seepage,  and  droughts.  The 
waters  of  the  second  group  are  confined  under  pressure  beneath  afl 
impervious  stratum,  usually  located  at  considerable  depth  bdow  tk 
surface.  Such  water,  when  tapped  by  boring,  will  rise  in  the  weB 
and  sometimes  overflow  at  the  surface.  The  development  of  under- 
ground waters  is  usually  more  expensive  than  obtaining  a  supplj 
from  surface  sources.  However,  when  a  farmer  is  able  to  obtain 
underground  water  at  a  reasonable  depth  near  or  in  the  center  of  the 
field  to  be  irrigated  the  saving  in  cost  of  piping  may  largely  offset 
the  expense  of  sinking  wells. 

1  Various  Types  of  small  roservolrs  which  would  be  of  value  to  readers  of  this  boIietiE 
are  discussed  In  Bulletin  No.  179,  of  the  Office  of  Experiment  Stations,  and  part  1  <^ 
Office  of  Experiment  Stations  Bulletin  No.  249.  The  department's  supply  of  these  ball*^ 
tins  has  been  exhausted,  but  copies  can  be  obtained  from  the  Superintendent  of  Oocit 
ments,  Washington,  D.  C,  at  a  cost  of  20  cents  each. 
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A  simple  way  to  develop  ground  water  is  to  dig  a  sump  or  pit  in  a 
swamp,  in  a  sidehill-spring  bog,  or  in  seeped  lands  bordering  a  stream 
or  canal.  In  many  cases,  where  water-bearing  sand  or  gravel  can  be 
reached  near  the  surface,  the  sump  furnishes  a  very  cheap  water  sup- 
ply which  can  be  enlarged  to  considerable  storage  by  removal  of  ma- 
terials. Pumping  from  a  sump  or  pit  requires  the  simplest  kind  of 
machinery  and  is  a  possible  source  of  water  for  spray  irrigation  in 
many  of  the  trucking  districts  of  the  East  and  the  sur- 
face irrigated  districts  of  the  West. 

Shallow  open  wells  are  a  modification  of  sumps,  but 
generally  are  deeper  and  smaller  in  diameter.  Their  use 
as  sources  for  irrigation  water  usually  is  limited  to  spe- 
cial cases  where  the  materials  passed  through  above  the 
water  stratum  will  stand  without  exi)ensive  curbing,  and 
where  the  water-bearing  materials  are  coarse,  resembling 
gravel  or  porous  rock,  and  need  little  screening. 

A  common  way  of  developing  ground  water  is  by  the 
use  of  one  or  more  well  points.  A  well  point  (fig.  3) 
consists  of  a  section  of  galvanized-iron  pipe  which  is 
perforated,  usually  with  elliptical  holes,  and  has  a  sharp 
iron  plug  swaged  into  place  in  one  end  and  is  threaded 
on  the  opposite  end.  The  point  is  screwed  into  galva- 
nized wrought-iron  pipe  and  driven  into  the  earth  to  the 
water-bearing  stratum.  Extra  heavy  "guaranteed" 
wrought-iron  pipe  should  be  used  if  the  pipe  is  to  be 
driven  through  hard,  resistant  materials.  When  used  in 
coarse  materials  the  perforations  may  be  left  uncovered, 
although  it  usually  is  necessary  to  cover  the  body  of  the 
point  with  a  perforated  brass  jacket  to  prevent  sand 
being  drawn  into  the  pump.  Where  very  fine  sand  is 
encountered  a  fine  mesh  gauze  is  placed  between  the  pipe 
and  jacket.  For  irrigation  wells  it  is  advisable  to  use 
as  large  perforations  as  possible,  and  many  wells  which 
yield  considerable  sand  in  the  beginning  improve  in  this 
respect  as  they  are  pumped.  Points  of  this  type  are 
made  up  to  4  inches  in  diameter.  Two-inch  points  and  smaller  can 
be  driven  by  hand  through  soil  and  sandy  materials  to  a  depth  of  50 
to  75  feet,  while  those  larger  in  diameter  usually  require  a  machine 
for  sinking. 

Piston  or  plunger  pumps  may  be  connected  directly  to  the  casing 
of  a  driven  well  when  the  water  comes  within  suction  lift,  which 
is  practically  25  feet  at  sea  level  and  becomes  less  as  the  altitude 
increases  (see  Table  5).  Where  the  water  draws,  down  to  a  greater 
distance  from  the  pump  it  is  necessary  to  sink  the  pump  in  a  pit, 
66687°— Bull.  49&— 17 2 


Fio.  8.— Well 
point 


Digitized  by 


Google 


10 


BULLETIN  405,  U.  fi.  IWSPJLETMEKT  OF  AGMCXJLTUBE. 


as  illustrated  in  figures  4  and  5.    Several  points  spaced  10  to  50  feel 
apart  may  be  connected  in  series  to  one  pump  and  in  this  way  a  ( 


sinking  a  small  test  well  to  sfaov 
what  depth  and  kind  of  water- 
bearing materials  are  present 
The  test  well  should  be  pumiced  as 
near  to  exhaustion  as  is  practi- 
cable and  from  the  amovmt  of 
water  obtained  the  number  and 
kind  of  wells  necessary  can  be 
estimated.  Two-inch  and  smaller  wells  within  suction  lift  can  be 
tested  with  a  common  hand  pump  for  short  periods  up  to  a  flow  of  10 
gallons  per  minute,  and  two  men  with  a  double-acting  force  pmnp 


Fig.  4. — ^Typical  Infftallatfon  of 
horizontal  pump  in  brick  or  con- 
crete pit  with  sloped  belt. 
1,  Bnf^lne :  2,  engine  fonndation ; 
S,  fuel  pipe;  4,  belt;  5,  priming 
hand  pump ;  6,  water-cooling 
pipe  for  engine;  7  discharge 
pipe;  8,  pump;  9,  suction  pipe; 
10.  well  casing;  11,  well  screen; 
12,  pmnp  foundation ;  13,  long- 
turn  elbow;   14,  cbpdck  valve. 
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GUI  run  tests  up  to  a  flow  of  20  gallons  per  minute.    Larger  and 
<leeper  wells  require  special  power  equipment  for  testing. 

The  boring  of  deep  wells  for  artesian  waters  should  be  undertaken 
by  an  expert  familiar  with  the  local  undergroimd  conditions..    De- 


f 

I 

«      r     m    .    ,  .    *  II  *.       *       ill  figure  6,  the  cost  is  apt  to  be  great 

Fio.   6. — Typical   installation   of  n  i 

▼erticai-8haftcentrifuKai  pump      and  Will  be  justified  onlv  where  water 
to   p»t   with    baif-turn   belt.      can  be  obtained  ih  sufficient  amounts 

Pump    in    this    ca«e    i»    sub- 
merged In  water.    1,  Engine;       to   irrigate   a   Correspondingly   large 

2,  engine  foundaUon;   3,   fuel         apr^atrp 

tank;     4.     belt;     6.     vertical        »^^*5iige.  ^       •     .       . 

shaft  and  bearings ;  6.  water-  Unlike  Water  for  drinking  purposes, 

cooiiag  pipe  for  engine ;  7,  dis-      ^^^^^  f^^.  irrigation  need  not  be  pure 

diarge  pipe ;  8,  pump  ;  9,  sue-  ^  ^  ^ 

tion  pipe;   10.  well  casing;      from   a   bacterial  standpoint.     It   is 

11.  weu  screen.  therefore  allowable  to  draw  on  both 

waters  near  the  surface  and  artesian  supplies  in  the  same  well  (fig.  6) 

by  having  the  casing  perforated  or  slotted  wherever  a  good  water- 
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bearing  stratum  is  interceptei 
Care  should  be  exercised  to  cut 
off  strata  having  a  i^eak  flow  if 
strata  having  stronger  flow  tie 
encountered  in  the  same  well 
because  water  may  be  forced  OQt 
of  the  well  into  the  weak  strati 
so  that  they  will  be  a  source  of 
loss  rather  than  gain.  Each 
water-bearing  stratum  should  be 
tested  before  the  final  casing  is 
sunk,  so  that  the  well  screens  can 
be  properly  located  and  pnqwr- 
tioned  in  size  and  mesh. 


Fi«.  G. — Doep-well  puiup  In  caslDg  to  per- 
mit iustallation  of  pump  below  ground- 
water level. 


SCREENING  WATER. 

A  difficult  factor  to  control  in 
many  water  supplies  for  spray 
irrigation  is  the  clogging  of  noz- 
zles and  pipe  lines  by  sediment 
moss,  lime,  or  other  matter.  This 
is  true  especially  with  the  otct- 
head  system,  where  many  small 
nozzles  must  be  kept  clean.  The 
most  desirable  place  to  remove 
clogging  matter  is  before  the 
water  enters  the  suction  pipe  of 
the  pumping  plant.  Screens  of 
different  forms  are  placed  in  the 
"turning  unions''  at  the  feed 
end  of  each  lateral,  but  thest 
screens  can  remove  only  a  small 
amount  of  material  before  thej 
in  turn  must  be  cleaned.  Sands 
from  wells  or  other  sources  may 
be  collected  to  a  certain  extent 
by  placing  in  the  main  pipe  line 
an  enlarged  chamber  similar  to 
a  pressure  tank,  where  the  veloc- 
ity is  checked  and  the  sand 
grains  settle  out.  Under  extreme 
conditions  it  may  be  necessary  to 
reservoir  well  waters  and  re- 
pump  after  settling.  Bucket- 
type  screens  for  installation  in 
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nains  are  also  obtainable.  These  screens  can  be  removed  conveniently 
from  time  to  time  and  cleaned,  to  prevent  undue  resistance  to  the 
T^ater. 

Figure  7  illustrates  a  screen  made  for  streams  or  other  surface 
supplies.  The  screen  is  made  on  a  6-inch  suction  pipe  for  a  capacity 
>f  450  gallons  per  minute.  Four  2-inch  by  3-inch  cypress  staves  6 
feet  long  are  placed  edgewise  and  equi-spaced  against  the  shell  of 
bhe  pipe  and  allowed  to  extend  *8  feet  beyond  the  open  end  of  the 
pipe.  Two  pieces  of  cypress  2  inches  thick  are  used  for  ends,  one 
being  made  with  a  hole  to  slip  closely  over  the  pipe  and  both  spiked 
to  the  ends  of  the  staves.  Two  half-inch  iron  rods  with  nuts  on 
ends  are  run  lengthwise  through  the  structure  with  adequate  strap- 
iron  ties,  so  that  the  frame  is  clamped  together.  No.  9  galvanized 
wire  is  wrapped  and  stapled  tightly  about  the  staves,  leaving  spaces 


Fick  74 — ^Perforated  eheet-braas  screen  to  be  used  In  stream. 

of  about  an  inch  between  ribs.  This  forms  a  large  wire  tube  12 
inches  in  diameter  and  6  feet  long,  to  which  perforated  sheet  brass 
can  be  soldered  and  nailed.  The  sheet  brass  should  have  circular 
perforations  no  larger  than  the  openings  in  the  nozzles  used  in  the 
spray  system.  The  sheets  can  be  purchased  from  sheet-metal  dealers. 
The  light  portions  of  the  picture  show  the  joints  soldered  to  the 
sheets  and  solder  covering  the  nail  head.  The  metal  should  be  upset 
and  nailed  securely  to  the  wooden  ends  of  the  screen. 

The  screen  described  above  can  be  used  in  many  cases  suspended 
in  a  stream,  where  it  can  be  brushed  clean  occasionally  when  the  pump 
is  not  running.  Care  should  be  taken  not  to  allow  the  first  water 
pumped  after  cleaning  to  go  into  the  spray  system.  In  shallow 
streams  containing  very  fine  sediment  or  moss  the  screen  should  be 
laid  horizontally  in  a  concrete  bulkhead  or  trench  made  in  hardpan 
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or  rock  below  the  bottom  of  the  ehannel.  The  space  built  for  the 
horizontal  screen  should  be  large  enough  so  that  coarse  sand  can  k 
placed  12  inches  thick  on  all  sides  and  below  the  current  of  Ae 
stream.  This  bed  can  be  covered  with  fine  sand  or  burlap,  thus  forc- 
ing a  suction  filter  which  can  be  occasionally  cleaned  hj  remomg 
the  top  covering.  The  filter  always  should  be  covered  with  tn  aia- 
iliary  burlap  or  canvas,  or  the  stream  shut  out  wh&a  the  |Jant  is  idk, 
.so  matter  will  not  settle  on  the  filter  and  be  drawn  in  when  the  ptnf 
is  started. 

TYPES  OF  SPRAT  IRRIGATION  STSTHHS. 

Three  types  of  spray  irrigation  construction  have  been  adopted 
more  or  less  widely  for  field  irrigation.    These  are: 

(1)  Hose  and  movable-nozzle  or  movable  lines  fed  from  an  under- 
ground pipe  system  and  hydrant. 


Fig.  8. — Portable  spray  equipment  used  !n  gardens  about  cold  frames,  lioftbeds;  «fc. 
I  Luther  Burbank's  gardens,  Santa  Bosa,  Cal.] 

(2)  Circular  nozzles  fed  from  an  underground  pipe  system. 

(3)  Overhead  spray  lines  fed  from  an  underground  main  feed 
pipe. 

The  hose  and  movable-nozzle  type  is  used  for  the  irrigation  of 
(*old-frame  and  hotbed  crops,  garden  setting  and  seed  beds,  putting 
greens,  public  parks,  lawns,  small  gardens,  greenhouse  plants,  and  in 
some  Florida  citrus  groves.  The  feeder  systems  for  this  type  consi^ 
of  main  pipe  lines  and  branches  which  are  laid  imderground  to  read 
all  portions  of  the  field.  At  intervals  of  50  to  200  feet,  |  to  IJ  ind 
standpipes  are  brought  to  the  surface  and  connections  for  hose  made 
by  means  of  shut-off  valves  threaded  at  the  mouth  for  the  hoff 
unions.    Lengths  of  rubber  or  canvas  hose  are  used  which  will  rcack 
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at  least  cme-half  the  distance  between  standpipes,  so  that  the  entire 
area  can  be  covered.  There  are  many  ad}i»tab}e  nozzles  on  the 
market  whieh  may  be  screwed  to  the  end  of  a  hose  and  made  to  dis- 
charge a  solid  stream  or  any  degree  oi  spray  by  manipulation  of  the 
nozzle  parts.  Them  are  two  familiar  designs  of  nozzles  for  this  pur- 
pose. One  must  be  held  in  the  hand  constantly  or  moved  about  at 
very  short  intervals.  The  other  may  be  set  in  one  position  and  al- 
lowed to  spray  over  a  circular  area. 

One  of  the  most  popular  portable  spray  arrangements  is  shown  in 
figure  8.  This  consists  of  a  f-inch  pipe,  18  to  20  feet  long,  containing 
a  row  of  small  nozzles  similar  to  those  used  in  overhead  irrigation 
systems.  This  pipe  has  a  hose  connection  at  one  end  and  is  supported 
on  movable  tripods  or  on  short  posts  which  are  set  permanently  in 
the  ground  or  attached  to  the  cold  frame  or  hot  bed.  In  some  in- 
stances the  portable  spray  line  contains  three  rows  6f  "  mist  nozzles  " 
set  at  about  45^  angle  with  each  other  and  3  feet  apart  in  the  row. 
With  this  arrangement  the  pipe  can  be  laid  on  top  of  a  cold  frame 
and  a  fine  mist  spray  will  cover  the  bed. 

The  hose  and  portable  nozzle  system  of  spray  irrigation  is  the 
oldest  and  least  efficient  of  spray  methods.  It  is  impossible  to  get  an 
even  application  over  the  entire  field  or  under  one  position  of  the 
nozzle.  The  constant  attendance  necessary  and  the  liability  of  over 
or  under  irrigation  makes  the  cost  of  operation  high  and  the  results 
dependent  upon  the  skill  of  the  laborer.  The  greatest  field  for  this 
type  of  irrigation  seems  to  be  indoor  spraying,  outdoor  sod  lands, 
seed  beds,  and  small  garden  plots.  The  first  cost  is  the  smallest  of 
any  type  of  spray  irrigation. 

STATIONARY-NOZZLE  SPRAY  SYSTEMS. 

Stationary  nozzles  fed  by  underground  pressure  systems  of  piping 
(fig.  9)  have  gained  favor  in  Florida,  where  the  sandy  character  of 
the  soils  makes  rapid  irrigation  necessary.  This  type  of  equipment  is 
being  used  for  the  irrigation  of  truck  and  citrus  groves.  Standard 
steel  or  wrought-iron  pipe  and  fixtures  are  commonly  used,  but  the 
main  feed  pipe  sometimes  is  cast  iron  or  riveted  steel.  Main  feed 
pipes  are  run  underground,  leading  from  the  water  works  or  pump- 
ing plant  into  the  field.  Laterals  are  placed  12  to  15  inches  below  the 
surface  in  parallel  lines  under  the  entire  field.  At  intervals  of  30  to 
50  feet  risers  to  which  the  nozzles  are  attached  are  placed  on  the 
lateral  lines  so  that  the  nozzles  are  spaced  equidistant  from  each  other 
in  triangular  form,  as  shown  in  figure  9.  Figure  10  shows  an  under- 
ground section  of  a  main  feed  pipe,  with  connections  to  laterals. 
Each  lateral  is  controlled  by  a  valve  and  in  some  cases  a  valve  is  placed 
on  each  riser,  so  that  a  part  of  the  nozzles  on  a  line  may  be  cut  off. 
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permitting  the  use  of  longer  laterals  of  smaller  pipe.  The  sizes  of 
pipe  must  be  so  proportioned  and  the  system  so  designed  as  to  give 
as  nearly  as  possible  a  uniform  pressure  on  all  the  nozzles  within  the 
area  to  be  irrigated  at  one  time.    The  risers  reach  a  height  of  4  to  6 


Gate  Valves 
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Drain  Plu|: 
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Stands- 


Fig.  9. — Typical  plan  for  piping  a  field  for  stationary-nozzle  spray  systems,  showing 
staggered  positions  of  nozzles  to  obtain  the  least  amount  of  overlapping  of  spray. 
Distances  marked  a  should  be  cquaL 

feet  above  the  surface  for  truck  and  extend  above  the  trees  for 
orchard  irrigation  and  should  be  staggered,  as  shown  in  figure  9,  to 
reduce  the  overlapping  of  spray. 


G^SB^j^ 


Fig.  10. — Sketch  showing  typical  fittings  of  underground  laterals  for  stationary- 
nozzle  spray  syRtcms.  A,  Main  feed  pipe;  B,  bushing  at  reduction  of  pipe  sizes; 
O,  cross  in  main  feed  pipe ;  D,  drain  cock  or  plug ;  H,  sprinkler  heads  or  noszles ; 

L,  lateral   pipe  lines ;   M,  malleable  unions ;  N,  nipples ;  S,  S-lnch  galvanized  8tan4- 

pipes ;  T,  malleable  tees ;  V,  brass  gate  valves. 

The  nozzles  vary  in  design  and  generally  are  made  of  brass. 
Those  observed  in  the  field  by  the  writer  may  be  classified  in  three 
groups  (fig.  il).  First,  solid  nozzles  with  no  movable  parts;  sec- 
ond, adjustable  nozzles  with  parts  which  'can  be  manipulated  U 
change  their  capacity  or  form  of  spray;  third,  rotary  nozzles  whick 
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have  movable  parts  to  assist  in  the  distribution  of  water  by  cen- 
trifugal force  or  water  power. 

Tlie  efficiencies  of  nozzles  found  in  use  were  determined  by  a  series 
of  tests  made  under  the  direction  of  this  office  in  1909  and  the  re- 
sults are  here  summarized. 

A  popular  solid  nozzle  (No.  4,  fig.  11)  was  found  to  have  a  capa- 
city of  1.93  cubic  feet  per  minute  (14.5  gallons  per  minute)  under  a 
pressure  of  20  pounds  per  square  inch,  and  it  gave  a  fair  lateral 
spread  of  40  feet.  Under  25  pounds  pressure  its  capacity  was  2.45 
cubic  feet  per  minute  (18.4  gallons  per  minute)  with  a  fair  lateral 
spread  of  42  feet.  The  zone  receiving  the  greatest  amount  of  water 
per  squmi>e  foot  was  found  to  be  an  annular  ring  about  15  feet  from 
the  nocde.    This  ring  received  about  40  per  cent  more  water  per 


Pio.  11. — Types  of  clrcnlar-spray  noz2le8. 

square  foot  than  did  the  surface  at  5  feet  or  18  feet  from  the  nozzle. 

A  ix)pular  adjustable  nozzle  (No.  5,  fig.  11)  was  found  to  have  a 
capacity  of  0.98  cubic  foot  per  minute  (7.3  gallons  per  minute) 
under  20  pounds  hydraulic  pressure  and  a  fair  lateral  spread  of  35 
feet.  Under  25  pounds  its  capacity  was  1.23  cubic  feet  (9.2  gallons) 
per  minute  and  it  gave  a  fair  lateral  spread  of  38  feet.  The  nozzle 
was  opened  one-half  turn  during  the  above  test,  which  gives  a 
medium  spray.  A  zone  12  feet  from  the  nozzle  received  about  30 
per  cent  more  water  per  square  foot  than  did  the  surface  at  3  feet  or 
15  feet  from  the  nozzle. 

A  popular  rotary  nozzle  (No.  2,  fig.  11)  was  found  to  have  a 
capacity  of  0.43  cubic  foot  (3.2  gallons)  per  minute  under  hydraulic 
pressure  of  20  pounds,  and  it  gave  a  fair  lateral  spread  of  32  feet. 
66687**— BuH.  495—17 3 
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At  25  pounds  pressure  the  capacity  was  0.46  cubic  foot  (3.5  gallons) 
per  minute  with  a  fair  lateral  spread  of  35  feet.  The  zone  receiving 
the  greatest  amount  of  water  was  found  to  be  a  circular  area  4  feet  in 
diameter  immediately  about  the  nozzle.  The  amount  received  pr 
square  foot  of  area  decreased  uniformly  with  the  distance  from  tk 
nozzle. 

The  most  striking  results  obtained  from  these  tests  and  fromsimiltr 
tests  with  7  other  nozzles  were  the  great  ranges  in  capacities  an-i 
the  uneven  distribution  beneath  individual  nozzles.  Every  noak 
tested  placed  a  large  percentage  of  the  total  discharge  on  a  small 
portion  of  the  area  it  was  supposed  to  irrigate.  Solid  and  adjusubt 
types  placed  the  maximum  amount  in  an  annular  ring  having  a  radiit 
about  three- fourths  that  of  the  sprayed  area.  The  rotary  noEd^ 
placed  the  maximum  quantity  of  water  close  to  the  center  and  tk 
quantity  diminished  rapidly  with  the  distance  from  the  nozzle. 

The  results  of  these  tests,  when  considered  in  connection  with  the 
impossibility  of  fitting  a  set  of  circular  areas  together  to  cover  a 
field  without  overlapping  (fig.  9),  bring  out  the  difficulties  in  obtain 
ing  an  even  distribution  of  water  with  a  stationary  nozzle  spray  svs^ 
tem.  The  cost  of  the  system  exceeds  that  of  the  hose  and  porublf 
nozzle  and  in  many  cases  that  of  the  overhead  equipment  The  c(^ 
of  operation  is  about  the  same  as  that  of  the  overhead,  but  the  el 
ciency  and  adaptability  to  the  irrigation  of  delicate  farm  corps  an 
generally  less  unless  a  larger  amount  of  water  is  needed  in  a  shorter 
time  than  the  overhead  system  will  supply.  However,  the  stationary 
nozzles  do  not  clog  readily  from  rust  or  other  particles  present  ir 
many  waters  and  operate  on  low  pressures,  which  are  advant*^ 
greatly  in  their  favor,  often  sufficient  for  their  adoption.  This  type 
of  spray  system  often  is  considered  more  sightly  than  overhead  type> 
while  the  operation  is  quite  simple  and  automatic.  Where  it  is  dr 
sired  to  keep  the  cost  low,  block  pipe  can  be  used  largely  in  the 
distribution  system.  The  distribution  is  assisted  greatly  by  a  ligli 
breeze,  but  the  field  for  this  type  of  spray  irrigation  at  present  b 
largely  confined  to  li^lit  soils  that  take  water  rapidly  for  the  growing 
of  crops  and  laAvns  that  will  stand  a  coarse  spray. 

STATIONARY  OVERHEAD  SPRAY  SYSTEMS. 

The  development  of  a  stationary  overhead  spray  system  markc'i 
the  beginning  of  rapid  progress  in  spray  irrigation  for  commercii' 
crops.  The  original  overhead  system  Consisted  of  a  few  length?  o- 
steel  pipe  set  on  parallel  rows  of  posts  and  connected  to  a  hand  fora 
pump.  A  series  of  small  holes  was  drilled  in  the  shell  of  the  pil**' 
through  which  water  could  be  forced  in  the  form  of  a  spray.  Tk 
holes  gradually  became  clogged  or  irregular  in  shai>e,  due  to  tk 
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rusting  of  the  metal.  The  idea  was  conceived  of  replacing  the  holes 
with  sm^U  brass  nozzles  which  could  be  screwed  into  the  pipe  shell 
and  would  not  rust.  It  was  also  found  that  by  placing  one  row 
of  nozzles  in  a  pipe  line  which  could  be  turned  or  rolled  in  bearings, 
a  strip  of  land  50  feet  wide  could  be  irrigated  by  turning  the  line  of 
nozzles  to  different  positions  through  a  total  arc  of  about  90*^.  Spe- 
cial turning  unions  containing  screens  have  been  patented  for  con- 
necting the  nozzle  lines  to  the  feeder  system.  Likewise  there  are  drill- 
ing machines  for  boring  holes  and  tapping  threads  in  the  pipe  for 
the  nozzles.  Machines  for  turning  the  nozzle  lines  backward  and 
forward  are  being  perfected  and  seem  to  be  desirable  for  special  con- 
ditions where  night  irrigation  is  practiced  or  spray  is  used  for  frost 
protection,  as  in  Florida. 

Figure  12  shows  an  underground  section  of  a  main  feed  pipe  in 
the  center  of  a  field  with  connections  to  two  nozzle  lines,  one  on  each 
side  of  a  farm  road,  as  in  the  typical  farm  (fig.  1). 


Grade  to  drsin  b»ck  into  M»in 


Fig.  12. — Sketch  showing  typical  fittings  for  overhead  nozzle  lines  connected  to  main 
feed  pipe  and  method  of  crossing  a  farm  road.  A,  Main  feed  pipe ;  D,  drain  cock 
or  cap ;  j&,  elbow ;  F^  handle  for  turning  nozzle  lines ;  G,  cap  on  handle ;  J;  gide- 
outlet  tee ;  K,  concrete  base  for  pipe  post ;  L,  nozsle-line  pipe ;  3^,  '*  long  "  nipples ; 
P,  pipe  hanger;  Q,  li-inch  pipe  pont ;  i?,  reducing  cocket ;  V,  turning  union;  V, 
brass  gate  valve ;  Jf,  risers  to  nozzle  lines ;  Z,  nozzles. 

LOCATION  AND  CONSTRUCTION  OF  OVERHEAD  SPRAY  SYSTEMS. 

Each  overhead  spray  plant  should  be  modeled  to  fit  the  field  and 
conditions  under  which  it  is  to  operate.  Assuming  that  water  sup- 
ply has  been  developed,  there  are  three  major  parts  to  any  system 
which  should  be  considered  in  the  order  given.  First,  type  and  locar 
tion  of  nozzle  lines;  second,  type  and  location  of  main  feed  pipe; 
third,  type  and  location  of  pumping  plant.  The  nozzle  lines  should 
take  the  direction  most  desirable  to  cultivate  the  field,  so  that  the 
crop  rows  will  be  parallel  to  the  rows  of  supports.  In  general,  noz- 
zle lines  should  run  perpendicular  to  the  main  feed  pipe.  The  entire 
field  system  should  be  designed  to  use  the  minimum  amount  of  large 
pipe,  which  generally  means  to  run  the  main  as  straight  as  possible, 
keeping  the  nozzle  lines  in  sizes  not  to  exceed  IJ-inch  pipe. 

The  sizes  of  pipe  to  use  in  a  nozzle  line  depends  upon  the  length. 
The  end  connecting  with  the  feed  pipe  must  be  sufficiently  large  to 
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carry  the  full  head  of  water.  As  the  water  is  diminished  by  each 
nozzle  the  pipe  can  be  reduced  in  size,  finishing  with  a  f-inch  pipe 
at  the  extreme  end.  The  customary  sizes  of  pipe  used  for  the  nozzles 
now  on  the  market  are  set  forth  in  Table  1. 

Tabi.k  1. — f^izcH  of  pipe  used  for  nozzles  notv  on  the  murket. 


Total 
length 
of  line. 

f-inch 
pipe. 

li 

IJ-inch 
pipe. 

IVInch 
pipe. 

%ineh 
pipe. 

Fed. 

\         150 
200 
2£0 
300 
400 
500 
600 
700 
150 
200 
250 
300 
400 
500 

I         600 

Feft, 
150 
130 
100 
100 
90 
90 
90 
90 
115 
100 
90 
90 
80 
75 
75 

Feet. 

Feet. 

Fed. 

FetL 

70 
150 
150 
160 
160 
160 
160 

85 
100 
100 
100 
100 
100 
100 

1 

1 

Nozzle  No  1  outdoor,  4  f^pt  npart 

60 
150 
150 
175 
175 

''m'.'.'.'.'.Z 
175  

175           100 

60 
110 
120 
120 
120 

Nozzle  No.  2,  outdoor,  4  fcM»t  apart,  or  No.  1,  3  feet 
apart. 

100  , 

120'          86 
1»           1» 

Xozzle  lines  are  spaced  such  distances  apart  as  will  best  fit  the 
field  within  a  range  of  50  to  56  feet.  The  type  of  nozzle  line  de- 
pends principally  upon  the  method  used  for  supporting  the  pipe. 
The  three  popular  methods  are :  On  tall  posts,  on  short  posts,  or  on 
cables  suspended  from  high  posts. 

Tall-Port  Type. 

When  tall  posts  are  used  they  are  set  in  the  ground  2|  to  3  feet 
and  cut  off  about  ^  feet  above  the  ground  (fig.  13).  These  posts 
are  spaced  15  to  20  feet  apart  and  the  nozzle  line  placed  on  the  tops 
in  roller  bearings  in  the  case  of  long  lines  and  between  nails  in  short 
linos.  If  the  post  is  of  Avood  it  should  be  not  lighter  than  4  by  5 
inches,  but  a  round  post  5  to  6  inches  in  diameter  will  serve  as  well. 
A  more  durable  but  expensive  post  can  be  made  from  a  1  or  IJ-inch 
steel  pipe  set  in  a  base  of  concrete  6  inches  in  diameter  and  2  feet 
deep  (fig.  12).     Special  concrete  posts  also  make  excellent  supports. 

Wliere  Avooden  posts  are  used  it  is  advisable  to  treat  the  part  going 
into  the  ground  with  a  good  ijrade  of  paint,  tar.  or  creosote,  to  help 
preserve  the  wood.  The  treatment  should  extend  6  inches  above  the 
ground  surface. 

The  tall  posts  permit  the  passing  of  horses  or  men  under  the  pipe 
and  obviate  obstruction  to  cultivation.  This  is  the  most  popular 
method  and  makes  a  good  appearance  when  the  posts  are  carefully 
lined  and  cut  off  at  the  tops  so  that  the  pipe  will  lie  straight,  or  uni- 
formly curved  with  the  surface  of  the  ground. 
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Shobt-Post  Type. 

If  short  posts  are  used  they  are  set  in  the  ground  2  to  2^  feet  and 
cut  off  1  to  3  feet  above  the  surface.  They  are  spaced  18  to  20  feet 
apart  and  the  nozzle  line  placed  on  top  between  nails  or  in  roller 
bearings.  A  4  by  4  inch  post  serves  well  for  this  type,  but  should  be 
treated  as  are  tall  posts.  This  construction  is  the  least  expensive, 
but  may  cause  a  somewhat  closer  spacing  of  nozzle  lines  if  a  low 
hydraulic  pressure  is  to  be  -used.  This  type  also  is  somewhat  in  the 
way  of  cultivation  and  is  not  efficient  for  tall-gi-owing  crops.  When 
nozzle  lines  are  made  portable  on  short  posts,  posts  may  be  made  of 


Fig.  18. — Overhead  spray  nozzle  lines  mounted  on  wooden  posts  GJ   feet  above   the 
jfround.      (Farm  of  Granville  W.  Leeds,  RantocaH,  N.  J.l 

5-inch  pipe  sharpened  and  fastened  to  the  nozzle  line  so  that  sup- 
ports are  moved  Avith  the  pipe. 

Hkjh  Posts  and  CAULK-Srsi'KNsioN  Type. 

Where  high  posts  and  cable  suspension  is  used  the  posts  are  spaced 
from  100  to  200  feet  apart  and  the  nozzle  line  suspended  from  a  tight 
cable  or  wire  strand  which  takes  the  form  of  a  catenary  cur\^e  be- 
tween posts  (fig.  14).  Telephone  poles  8  to  10  inches  at  the  base  and 
C  to  8  inches  at  the  top  can  be  used.  A  length  of  2J-inch  steel  pipe 
which  may  be  filled  with  concrete  makes  a  more  substantial  post. 
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Wooden  posts  or  black-steel  posts  should  l>e  painted  with  Ur  or 
treated  with  creosote'.  The  posts  should  be  considerably  higher  than 
the  nozzle  line,  depending  upon  the  distance  between  posts  and  the 
weight  to  be  supported.  It  is  well  to  set  the  bases  of  the  posts  in 
beds  of  concrete  about  18  inches  in  diameter  and  3  feet  deep.  The 
end  posts  and  cables  must  be  well  anchored  with  guys  fastened  to 
wooden  or  concrete  "  deadmen."  A  5-foot  anchor  rod  should  W 
attached  to  the  deadman  and  extended  above  the  surface  with  il 
eye  where  a  tumbuckle  and  a  guy  wire  can  be  attached,  as  shown 
in  figure  15.  Single  guys  are  used  where  the  tops  of  the  end  posts  of 
several  lines  can  be  connected  with  a  guy  wire  perpendicular  to  th* 
nozzle  lines,  otherwise  double  guys  should  be  used.     Tlie  deadmit 


Fig.  14. — Overhead  spray-nozzle  lines  suNpended  from  high  posts   by  cable  Vtut. 

shouhl  be  at  least  a  distance  equal  to  one-third  the  height  of  the  pd^^ 
from  the  post's  base. 

The  wei^rht  of  cable  to  use  for  each  pai'ticular  Ciise  should  be  deter- 
mined by  an  enpncer  familiar  with  this  construction  after  tie  ha^ 
been  <»7von  the  lentjth  of  the  line,  the  weight  to  be  supported,  and 
the  spacing]:  of  posts.  The  manufacturers  of  cables  are  prepared  to 
recommend  necessary  size  and  kind  of  cable.  It  is  well  to  use  dou- 
ble galvanized  materials,  which  will  be  lasting.  The  i>ipe  is  su>- 
pended  from  the  cable  Avith  short  lengths  of  about  No.  14  gtilvanize<i 
wire  spaced  15  to  18  feet  apart.  The  nozzle  line  is  hung  in  special  gal- 
vanized-metal  hooks  containing  rollers  to  make  the  pipe  turn  easily. 
and  an  eye  for  attaching  to  the  suspension  wire.  The  nozzle  line  can 
be  graded  by  adjusting  the  lengths  of  the  suspension  wires. 
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The  chief  advantage  in  the  suspension  system  is  the  reduction  of 
obsta'uction  in  the  field,  and  where  it  is  well  constructed  the  plant  will 
be  very  durable.  This  type  costs  more  than  the  others  and  is  not  as 
commonly  used  as  the  simple  post  supports.  The  cleaning  of  nozzles 
on  highly  supported  lines  is  difficult,  so  pipe  should  be  kept  within 
reach. 

NOZZLE  LINES. 

The  pipe  in  the  nozzle  lines  should  be  galvanized  wrought  iron  or 
steel.  The  galvanizing  not  only  makes  the  system  longer  lived,  but 
i^educes  oxidation  of  the  metal,  which,  if  not  prevented,  tends  to  form 
scales  that  fill  the  nozzles. 

A  nozzle  line  is  connected  with  the  main  feed  pipe  by  means  of  a 
riser  cut  the  proper  length  to  act  as  the  first  post  in  the  line.  In  the 
longer  lines  it  is  well  to  have 
the  riser  of  1^-inch  pipe,  which 
will  make  a  strong  support 
even  if  this  is  larger  than  tlie 
first  section  of  nozzle  line.  An 
elbow  is  placed  on  top  of  the 
riser,  and  into  this  is  screwed 
a  long  nipple  which  terminates 
in  a  standard  brass  gate  valve 
(fig.  12).  To  reduce  friction 
this  valve  should  be  of  the 
same  size  as  the  standpipe. 
The  turning  union  is  screwed 
into  the  opposite  side  of  the 

valve.      The    union    most    com-     Fio.    15.— Anchorage   for  suspended  overhead 

monlv  used  contains  a  screen       »'»"^''*^  "°^^'  showing  location  of  "dead- 

-  "  man "    and    turnbucklea. 

for  catching  sediment  from  the 

passing  water.  A  capped  handle  2  feet  long,  made  of  ^-inch  pipe,  is 
screwed  into  the  side  of  the  union.  This  serves  as  a  lever  for  turn- 
ing the  nozzle  line  in  its  bearing  as  well  as  giving  entrance  to  the 
union  for  flushing  the  screen. 

Reducing  couplings,  and  not  bushings,  should  be  used  for  connect- 
ing the  different  pipe  sizes.  A  ^-inch  valve  or  a  cap  should  be  placed 
over  the  extreme  end  of  the  nozzle  line.  This  permits  flushing  out 
the  line  at  any  time  by  opening  the  valve  or  removing  the  cap. 
(See  fig.  18.) 

Main  Feed  Pipes. 

There  are  several  kinds  of  pipe  adaptable  for  spray  irrigation 
mains — steel  or  wrought  iron  with  threaded  joints,  riveted  steel  with 
flanged  or  bolted  joints,  cast  iron  with  lead  or  bolted  joints,  and  wood- 
stave  pipe. 
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STEEL  OB  WROUGHT-IBON    PIPE. 

Steel  or  wrought-iron  pipe  with  threaded  joints  which  screv  to- 
gether, used  for  main  pipe  lines,  is  the  common  water  or  steam  pipe 
used  exclusively  in  all  plumbing.    This  comes  in  random  lengths  ol 
about  18  feet  long  and  in  all  diameters.    It  is  the  best  to  use  for 
mains  up  to  5  inches  diameter.    Larger  sizes  are  expensive  and  more 
difficult  to  handle  in  the  field.    It  is  advisable  to  use  galvaniie*!- 
steel  pipe  throughout.     However,  black-iron  fittings  cost  less  thir. 
galvanized  atid  outlast  the  galvanized  pipe.    Some  irrigators  prefe 
black  "  guaranteed  "  pure  wrought-iron  pipe  for  mains.     This  co&ti 
about  the  same  as  galvanized  steel  and  is  more  durable  than  black 
steel.    Pipe  2  inches  and  over  in  size  should  be  cut,  threaded,  ano 
marked  to  fit  each  section  in  the  shop,  as  it  is  difficult  and  expoisirf 
to  do  this  in  the  field.    Where  a  main  intersects  a  nozzle  line  a  tee  h 
used  in  the  main  and  the  standpipe  for  the  nozzle  line  is  screwed  into 
the  tee  direct  (fig.  12). 

RIVETED    STEEL    PIPE. 

Riveted  steel  pipe,  made  of  sheet  metal  either  straight  or  spiral 
riveted  into  a  pipe,  can  be  purchased  in  sizes  of  3-inch  diameter  aul 
over.  The  thickness  of  metal  used  depends  upon  the  pressure  whiti 
the  pipe  must  withstand  and  somewhat  upon  the  length  of  life  d^ 
sired.  The  riveted  pipe  is  treated  with  an  asphalt-tar  solution  of 
mineral  paint  or  is  galvanized.  The  unprotected  steel  pipe  nevei 
should  xjx:  used  in  irrigation  construction.  The  small  sizes,  from 
to  8  inches,  should  be  galvanized  and  the  larger  coated  if  not  g;il- 
vanized. 

Riveted  pipe  can  be  made  in  any  lengths  convenient  to  handle  ir 
the  field ;  20  to  25  feet  is  the  usual  section.  Two  types  of  joints  %n 
used  for  riveted  steel  pipe,  i.  e.,  flange  and  gasket  or  bolted.  TLc 
flanged  joint  is  rigid  and  the  line  must  be  straight,  unless  the  pip«^ 
is  made  curved  in  the  shop.  The  bolted  joint  permits  a  small  an<rl^ 
in  the  line  at  each  joint,  and  generally  is  the  most  adaptable  f^ 
irrigation  mains.  The  bolted  joints  also  act  as  expansion  joints, 
which  is  advantageous  in  long  lines.  In  all  straight  mains  of  grei: 
length  some  design  of  expansion  joint  must  be  used  to  care  f*": 
expansion  and  contraction  caused  by  changes  in  temperature. 

Laterals  or  nozzle  lines  can  be  connected  to  riveted  steel  pipe  maiib 
by  the  use  of  a  special  tee.  Where  bolted  joints  are  properly  spacv 
in  the  mains  the  cast-iron  collars  of  the  joints  can  be  tapped  f>* 
the  connections.  It  is  also  possible  to  have  special  flanges  or  saddle- 
into  which  the  lateral  can  be  screwed,  riveted  to  the  pipe  in  the  shop 

Riveted  steel  pipe  is  more  economical  where  large  sizes  are  neetki 
and  long  shipments  must  be  made,  as  this  pipe  is  light   in  wei^u: 
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It  is  easy  to  lay,  but  its  ccmparative  shortness  of  life  is  its  chief 
disadvantage. 

CAST-IBON    PIPE. 

Cast-iron  pipe,  such  as  is  commonly  used  in  city  water  systems,  is 
adaptable  for  the  larger  installations  of  spray  systems.  Standard 
cast-iron  pipe,  4  inches  and  larger  in  diameter,  is  made  in  12-foot 
lengths.  It  is  also  made  in  two  weights  for  100  and  200- foot  pressure 
heads.  Usually  the  lighter  weight  is  sufficient  for  spray  irrigation 
systems,  especially  after  the  field  is  reached.  Joints  are  made  by 
pouring  hot  lead  into  the  bell  end  of  each  section,  or  a  bolted  joint 
may  be  used.  In  some  instances  a  rich  mixture  of  cement  mortar  may 
be  driven  into  the  joint  instead  of  lead.  Connections  for  the  laterals  or 
nozzle  lines  are  made  with  special  fittings,  or  the  shell  of  the  pipe 
may  be  tapped  and  a  saddle  of  metal  or  concrete  placed  aroimd  the 
connection. 

The  advantages  of  cast-iron  pipe  are  its  long  life,  comparative 
cheapness  in  the  larger  sizes  where  freight  hauls  are  short,  and  ease 
of  laying.  The  disadvantages  are  tendency  to  rust  and  scale  after 
lying  idle,  heavy  weight  for  long  freight  hauls,  and  need  of  special 
equipment  for  laying  and  tapping. 

WOOD-STAVE  PIPE, 

Wood-stave  pipe  made  of  durable  fir  or  redwood  is  used  extensively 
for  pressure  conduits  in  the  Western  States.  The  pipe  is  built  of 
carefully  machined  staves,  which  are  held  in  place,  by  metal  bands. 
This  pipe  can  be  secured  in  sizes  2  inches  in  diameter  and  larger. 
The  smaller  sizes  usually  are  made  in  sections  and  joined  together  by 
means  of  a  collar  or  sleeve.  Large  sizes  may  be  built  continuously  in 
the  field.  Connections  for  laterals  are  made  easily  by  metal  saddles. 
The  metal  bands  should  be  heavily  galvanized  and  the  wood  treated 
with  a  preservative.  The  advantages  of  wood  pipe  are  its  compara- 
tive cheapness  in  first  cost  and  smoothness  of  bore.  Provision  should 
be  made  to  keep  the  pipe  full  of  water,  otherwise  the  staves  will  dry 
and  decay. 

TYPES  OF  PUMPS  FOR  SPRAY  IRRIGATION. 

All  spray  irrigation  plants  require  power  pumping  equipment  un- 
less pressure  can  be  supplied  from  an  elevated  source  or  municipal 
water  works.  To  generate  a  spray  requires  a  high-pressure  pump 
producing  25  to  40  pounds  pressure  on  the  nozzles  in  addition  to  ele- 
vating the  water  to  the  field.  The  two  types  of  pimips  used  for  this 
purpose  may  be  classified  imder  "  displacement "  and  "  centrifugal '' 
pumps. 


Digitized  by 


Google 


26 


BULLETIN  4d5^  U.  S.  UBPAATUETST  OF  AGBICULTUBS. 


Displacement  pumps  are  those  which  force  water  by  means  of  & 
piston  or  plunger  traveling  backward  and  forward  in  a  dose-fittaf 
cylinder.  Centrifugal  pumps  are  those  which  force  water  by  means 
of  an  impeller  or  fanned  wheel  revolving  at  a  high  speed  in  a  close- 
fitting  shell  XH*  case. 

DISPLACSMENT  PUMPS. 

Displtcement  pumps  are  divided  into  groups  according  to  the  warn- 
ber  of  cylinders  they  contain,  while  each  group  can  be  subdivided 

into  single-acting  or 
double-acting  pwaps. 
depending  on  whetW 
the  water  is  forced 
during  the  fcH^trd 
stroke  only  or  during 
both  the  backward  and 
forward  strokes  of  the 
piston.  For  spray  ir- 
rigation one  and  twt> 
cylinders  should  be 
double-acting.  Thrw 
cylinders  should  be 
single-acting. 

A  typical  one-cyUn- 

der  or  simplex  pump 

is  shown  in  figure  16, 

with  its  principal 

parts   numbered   aad 

named.    Tliese  pumps 

are  adapted  for  spray 

systems  requiring  up 

to    114    gallons    per 

minute,  and  wiU  work 

against  a  total  head  of 

175  feet.    This  type  of  pump  is  adapted  to  small  plants  where  the 

water  can  be  obtained  within  suction  lift,  and  may  be  installed  on  the 

surface  or  in  a  pit,  and  driven  by  belt  or  gear  connection  to  power. 

Single-cylinder  double-acting  pumps  are  adapted  also  to  deep-well 

pumping  where  the  cylinder  is  suspended  in  the  well  and  operated 

from  the  surface  by  a  power  working  head,  of  which  figure  17  is  a 

typical  design  for  small  plants. 

Duplex  or  two-cylinder  pumps  usually  are  constructed  with  two 
cylinders  lying  horizontally  on  a  common  base,  which  also  holds  a 
power  working  head.    The  duplex  pumps  are  adapted  to  large  plants 


Pio.  16i — ^Typlcal  Rimplex,  double-acting  displacement 
pump.  1,  Air  chamber ;  2,  dlHcharge  opening ;  3.  tigbt 
and  loose  pulleytt ;  4,  valve  chamber ;  5,  cylinder ; 
6,  gear ;  7,  connecting  rod ;  8,  suction  opening ;  9,  base ; 
10,  packing  gland. 
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for  pumping-  from  surface  supplies  to  any  height    They  cah  be 
driven  by  either  belt  or  gear  connection  to  the  power. 

Triplex  or  three-cylinder  pumps  are  adapted  for  pumping  water 
from  surface  supplies  to  any  height  of  lift  for  the  larger  planta  For 
special  well  conditions  triplex  pumpe  are  designed  for  the  three 
cylinders  to  work  in  a  pit  while  the  power  working  head  remains  on 
the  surface.  These  also  can  be  driven  by  belt  or  gear  connection  to 
the  power. 

Small  displacement 
pumps  of  the  belt- 
driven  types  should  be 
equipped  always  with 
tight  and  loose  pulleys 
to  aid  in  starting  the 
engine.  For  the  same 
reason  large  outfits 
should  be  equipped 
with  friction  -clutch 
pulleys  on  the  shaft  if 
belt  driven  and  shaft 
clutches  if  gear  con- 
nected. Clutches  are 
not  so  essential  where 
electric  power  is  used 
for  either  small  or 
large  planta  All  dis- 
placement  pumps 
should  be  equipped 
with  ample  air  cham- 
bers to  act  as  cushions 
in  absorbing  the  pulsa- 
tions of  the  water. 
Helief  valves  or  by-passes  should  be  place^  in  the  discharge  pipes  to 
prevent  breaking  the  pumps  or  engines  should  all  or  a  part  of  the 
spray  lines  be  shut  off. 


Fio.  17. — Typical  power  working-head  for  deep-well 
pumps  hartng  a  24-ineh  stroke.  1,  Air  chamber; 
2,  crosshead  guides ;  8,  piston  rod ;  4,  connecting  rod ; 
5,  packing  gland;  0,  tight  and  loo^e  pvlleys ;  7,  gear 
wheel ;   8,  base ;  9,  discharge  opening. 


CENTRIFUGAL  PUMPS. 

Centrifugal  pumps  can  be  classified  as  volute  and  turbine  types. 
Cach  type  can  be  divided  further  into  pumps  having  one,  two,  etc., 
stages,  according  to  the  number  of  impellers  contained.  Figure  18 
shows  a  typical  single-stage  volute-type  pump  with  exposed  im- 
peller. Single-stage  pumps  are  built  in  both  volute  and  turbine 
types  for  any  lift  practical  for  spray  irrigation ;  however,  the  possible 
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lift  depends  greatly  upon  the  speed  of  the  impeller,  which  nsaallj 
makes  it  desirable  to  adopt  a  two-stage  pump  when  the  lift  exceeds 
100  to  150  feet,  which  can  be  run  at  practically  one-half  the  speed 
of  a  single  stage.  Figure  19  shows  a  typical  two-stage  turbine  pomp 
with  a  split  shell  which  allows  easy  ao^ss  to  the  impeller  and  bear- 
ings. The  volute  type  usually  is  cheaper  in  first  cost  than  the  turbfaie, 
but  the  latter  is  more  efficient. 

Centrifugal  pumps  can  be  used  for  spray  irrigation  to  lift,  water 
from  surface  supplies  (fig.  2),  shallow  wells  (fig.  4),  or  deep  weDs 
(fig.  6).  The  pumps  are  built  with  horizontal  shafts,  as  ^own 
in  figures  18  and  19,  and  with  vertical  shafts,  as  shown  in  figures  5 
and  6.  Centrifugal  pmnps  may  be  driven  by  belt  connection  to  the 
power  or,  where  electric  power  is  available,  the  motor  can  be  con- 
nected direct,  as  shown  in  figure  18. 


Pig.  18. — Single-stage  centrifugal  pump  direct  connected  to  electric  motor,  shovtaf 
an  open-type  impeller.  1,  Discharge;  2,  suction ;  3,  pump  volute  or  case;  4, 
stuffing  box;  5,  coupling;  6,  electric  motor;  7,  base;  8,  impeller. 

The  chief  advantages  of  centrifugal  pumps  compared  with  dis- 
placement for  spray  irrigation  are  their  low  first  cost  for  the  same 
capacity,  their  simplicity,  and  the  few  wearing  parts.  A  centrifngtl 
pump  also  fits  itself  readily  to  pressure  changes  of  a  spray  systan 
without  the  use  of  a  by-pass  or  relief  valve.  One  spray  line  or  all 
may  be  shut  off  to  suit  the  needs  of  the  farmer  while  the  pumping 
plant  is  running,  without  ill  effects  to  the  machinery. 

Centrifugal  pumps  must  have  a  free  suction  intake  and  usually 
should  not  be  attached  directly  to  well  casings,  but  should  have  a 
separate  suction  pipe  extending  into  the  water  well  below  suction  lift 
All  centrifugal  pumps  must  be  full  of  water  before  they  will  draw 
through  the  suction.  All  air  should  be  excluded  from  the  suctimi 
pipe  and  pump  case  before  starting.  A  common  method  is  to  pump 
the  air  out  with  an  ordinary  hand  pump,  which  causes  the  water  to 
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rise  in  the  suction  pipe  and  fill  the  pump.  The  hand  pump  must  be 
a  vacuum  pump  when  placed  above  suction  lift  of  the  water  level 
(see  Table  5).  In  this  case  an  air-tight  check  valve  is  placed  in  the 
discharge  pipe  just  above  the  centrifugal  pump  to  prevent  air  enter- 
ing through  the  discharge  pipe.  The  smaller  centrifugal  pumps  can 
be  purchased  with  a  "  hand  primer  "  built  into  the  suction  and  are 
adapted  to  low  suction  lifts.  Figures  5  and  6  show  centrifugal  pumps 
submerged  in  water,  so  that  the  case  is  always  full  and  needs  no 
priming.  Figure  2  illustrates  how  the  pump  can  be  primed  from  a 
barrel  or  any  elevated  source.  In  this  case  it  is  necessary  to  have  a 
check  valve  or  foot  valve  in  the  suction  pipe  below  the  water  level 
to  prevent  the  priming  water  from  running  out  through  the  suction 


Fio.  19. — Typical  two-stage  split-case  centrifugal  pump.     1,  Top  half  of  split  case, 
raised ;  2»  impellers ;  3,  packing ;  4,  suction ;  5,  discharge ;  0,  base. 

pipe.  A  check  valve  is  preferable  to  a  foot  valve  because  of  the  ease 
in  entering  and  less  resistance  to  the  water.  Wlien  the  pump  is 
started  the  priming  barrel  will  be  refilled  if  the  valve  is  left  open 
for  a  short  time. 

THE  DESIGNING  OF  SPRAY  IRRIGATION  SYSTEMS. 

Every  spray  irrigation  system  can  be  divided  into  three  parts, 
which  must  be  considered  in  their  proper  relation  to  each  other  in 
the  design  of  a  plant.  First,  the  distribution-pipe  system,  which  ap- 
plies the  water  directly  to  the  crops  through  some  type  of  nozzle; 
second,  the  main  feed  pipe,  which  conveys  the  water  from  the  source 
to  the  distributaries ;  third,  the  pumping  equipment,  which  lifts  the 
water  and  develops  the  pressure,  unless  the  water  and  pressure  are 
obtained  from  a  gravity  or  municipal  supply. 
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The  distribution  system  should  be  laid  out  to  use  the  mimmnm 
amount  of  large  pipe  for  both  distributari^  and  main  feed  pipe.  The 
laterals  or  nozzle  lines  should  run  in  a  dir©cti<m  which  will  give  the 
least  amount  of  obstruction  to  the  cultivation  of  the  field  in  the  most 
efficient  manner.  The  field  should  be  laid  off  in  irrigation  blocks  or 
units,  a  unit  representing  the  area  to  be  irrigated  at  one  time.  The 
unit  should  be  of  a  desirable  length  for  the  kind  of  crops  to  be 
irrigated.  Where  possible,  it  is  advisable  to  divide  the  field  by  the 
irrigation  system  into  blocks  which  will  make  the  estimating  of  acre- 
ages easy  when  arriving  at  the  amoimt  of  seed  and  fertilizer  re- 
quired or  determining  yields.  This  is  done  usually  by  having  a  con- 
venient fraction  of  an  acre  under  each  spray  line  or  by  having  the 
crop  rows  a  length  which  will  make  each  rod  or  yard  in  width  a 
known  fraction  of  an  acre. 

To  keep  the  cost  of  a  spray  distribution  system  as  low  as  pos- 
sible, yet  obtain  a  good  uniform  pressure  and  distribution  of  water, 
the  sizes  of  pipes  must  be  proportioned  properly.  Ekch  lateral  or 
nozzle  line  must  be  proportioned  in  size  according  to  the  number 
and  capacity  of  the  nozzles  used.  The  main  feed  pipe  must  be  pro- 
portioned to  carry  the  total  amount  of  water  to  the  most  distant 
irrigation  unit  and  then  be  reduced  in  size  as  the  water  is  de- 
creased by  each  nozzle  line  within  the  irrigation  unit.  The  water 
required  to  run  an  irrigation  unit  determines  the  capacity  of  the 
pumping  equipment. 

There  is  a  resistance  to  water  flowing  in  pipe  which  has  been 
determined  by  experiments  and  is  called  "  frictitm  head."  This 
friction  is  in  proportion  to  the  roughness  of  the  inside  surface  of 
the  pipe  and  varies  with  the  velocity  of  the  water  and  the  length 
and  diameter  of  the  pipe  line.  The  greater  the  friction  of  the 
water  in  the  pipe  the  more  power  is  required  to  pump  the  water; 
therefore,  there  is  a  logical  size  of  pipe  to  use  for  each  quantity  of 
water  and  set  of  conditions  to  keep  this  frictional  factor  within  rea- 
sonable limits.  Table  2  shows  the  quantities  of  water  which  should  be 
carried  in  different  sizes  of  iron  pipe. 


Table  2. — Amount  of  water  different  sizes  of  straight  iron  pipe  w4lll 
out  excessive  friction  for  spray  irrigation. 


Diameter  of  pipe. 


ilnch... 
iinch... 
linch... 
1 J  inches 
U  inches 
2  inches . 
Si  inches 


Qua'ititv 
per  minute. 


GaU»n8. 
Ito  2 

8  to  4 
6  to  8 

9  to  1*1 
17  to  25 
25  to  45 
45  to  75 


Dkmctarefpipe. 


Stnelies. 
Slincties 

4  inches. . 

5  Inches. 

6  inches. 

7  inches. 
8inche6. 


Tsto  m 
175  to  » 

SWjto    401 

40otD  m 
woto  m 

«»U>1,M 


Digitized  by 


Google 


SPRAY  IBBIGATION. 


31 


Table  8  shows  die  number  of  feet  which  ahoald  be  added  to  the  lift 
for  each  100  feet  of  straight  pipe  to  overcome  the  friction  and  to  ob- 
tain the  total  lift  which  must  be  pumped  against.  Tables  2  and  8 
diouM  be  used  by  the  farmer  for  estimating  purposes,  while  the  pro- 
]>ortioning  of  the  pipe  sizes  in  the  final  design  should  be  done  by  an 
irrigation  engineer  or  by  the  manafaxsturers  of  the  spray  equipment 
used. 

Table  S,-^Nutnher  of  feet  to  be  added  to  the  vertical  lift  for  each  100  feet  of 
common  iron  pipe  to  overcome  "  friction  head,** 


(Bated 

OD  WiUiams-HaEen  formula,  uslns  a 

coefficient  of  100.] 

Gallons 

Size  of  pipe. 

m^te. 

i^ 

1- 
Inch. 

& 

liL 

2- 
inch. 

Feet. 

8- 
inch. 

inch. 

4- 

iBch. 

5- 

inch. 

6- 
imtA. 

7- 
Inoh. 

8- 
incli. 

5 

Feet, 
10.5 
14.7 
25.0 
38.0 

FeeL 
3.25 
4.55 
7.80 
11.70 
16.40 

22.00 

Feet. 
0.84 
1.90 
1.50 
2.05 
4.30 

5.70 
7,80 
0.10 
11.10 
16.60 

23.50 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

FuL 

FeeL 

e 

8 

a  95 
1.43 
2.01 

2.68 
3.41 
4.24 
5.20 
7.80 

11.00 
14.7 
18.8 
23.2 

1 ) 



1 

1 

10 

0.50 
.70 

.04 
1.20 
1.40 
1.82 
2.73 

3.84 

5.10 

6.60 

8.2 

0.0 

18.0 
18.4 
23.7 

1 

12 





14 

a82 
.41 
.50 
.61 
.02 

1.20 
1.72 
2.20 
2.76 
3.32 

4.65 
6.20 
7.00 
0.80 
12.00 

16.80 
22.30 

16 

18 

( 

. 

ao 

f 

a2S 
.38 

.54 
.71 
.01 
1.15 
1.38 

1.02 
3.57 
3.28 
4.06 
4.06 

7.00 
0.2 
11.8 
14.8 
17.8 

21.3 

1 

25 

1    

t 

30  . 

1 

35 

0.32 
.41 
.51 
.62 

.89 
1.11 
1.46 
1.80 
2.22 

8.10 
4.20 
5.25 
6.30 
7.7 

0.6 
11.6 
13.3 
15.2 
17.8 

22.6 

40 

1 

45 

fiO 

a84 

.47 
.63 
.81 
1.00 
1.22 

1.71 
Z28 
2.01 
3.61 
4.40 

5.2 
6.2 
7.2 
8.2 
0.3 

12.00 
16.0 
10.8 
24.0 

<ki       -  - 

7o:::::: 

a21 
.27 
.84 
.41 

.58 
.76 
.08 
1.22 
1.48 

1.77 
2.68 
2.41 
2.77 
3.14 

4.10 
5.40 
6.70 
&10 

0.6 
11.3 
13.3 
15,1 
17.2 

10.4 
21.7 

80 

90 

100   .     . 

lao..  .. 

1 

a23 
.30 
.36 
.47 
.56 

.60 
.83 
.05 
1.10 
1.26 

1.68 
2.10 
2.52 
3.15 

3.70 
4.85 
4.00 
5.80 
fi.60 

7.50 
&40 
0.20 

lai 

140 

160 

180 

1 

aoo 

1 

0.28 

.33 
.30 
.47 
.53 
.62 

.82 
1.03 
1.24 
1.50 

LSI 
2.18 
2.50 
2.00 
3.30 

3.65 
4.90 
4.10 
5.10 
5.60 

720.  ,.    . 

1 

MO 

0.22 

260 

.25 

280-.     . 

.28 

300 

.... 

.33 

350 

1 

.45 

400 

.56 

450 



.71 

MO    .     . 

....... 

.84 

680 

1.01 

600.   . 

1.20 

WO 

1 

1 

1.40 

TOO.   ... 

1 

1.60 

7iO 

1.78 

8M> 

! 

1 

2.00 

860 

2.26 

000 

1 

1 

2.50 

960...... 

2:80 

i/no... 

3.10 

1 

Table  4  is  a  bill  of  materials  for  the  typical  farm  (fig.  1,  p.  4), 
and  is  given  as  an  example  of  a  form  for  obtaining  quotations  oa 
spray  irrigation  equipment  (see  also  fig.  12,  p.  19).    ^  Run  "  means  a 
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certain  amount  of  pipe  which  will  give  a  desired  length  when  screwed 
together.  Pipe  less  than  2  inches  in  diameter  can  be  cut  in  the  &Id, 
hence  the  actual  number  of  feet  required  is  stated  for  such  pipe 
^  LfOcation  "  refers  to  the  location  in  the  field.  Nozzle  lines  are  as- 
sumed to  be  630  feet  long  on  each  side  of  the  farm  road«  Pipe  posts 
are  assumed  to  be  set  18  feet  apart,  and  9  feet  long,  to  support  noszfe 
lines  6^  feet  above  the  surface. 

Table  4. — BUI  of  materials. 


Amount. 


SiM. 


Item. 


1  ran,  410  feet 

13  runs,  60  feet  each 

lrun,25feet 

90  runs,  30  feei  each 

90  pieces,  7  feet  each — 
7  pieces,  15  feet  each — 

8,500  feet 

8,500  feet 

8,200  feet 

1,800  feet 

700  pieces,  0  feet  each .. . 

7 

« 

7 

20 

30 

30 

30 

20 

20 

30 

20 

1 

20.... 

8,160 

700 


Inches. 


u 

6by2by2 
6by2 
2 
3 
2 
2byU 
li  by  ij 
Ijbyl 
Ibyi 
2 

i 

6 
2 

No.—. 

No.-. 


Black  guaranteed  wrousht-lron 
pipe,  out  to  exact  4eDgth,  with 
alfowance  for  1  tee  in  each  run. 

do 

....do 

Galvanized  wrought-steel  pipe 


.do. 
.do- 


....do 

....do 

....do 

....do 

Qalvanized  wrought-^teel  pipe, 
plain  ends. 

Black  side  outlet  cast-iron  tees 

Black  cast-iron  tees 

Black  maUeable  00  ells 

Galvanized  malleable  90  ells 

Qalvanized  long  nipples 

Galvanized  reducing  sockets .  .■ 

do 

....do 

do 

Standard  brass  gate  valves 

do 

Standard  iron-body  gate  valve 

Trade  name,  etc,  turning  unions. . 

Trade  name,  etc.,  nozzles 

Tradename,  etc.,  galvanized  hang- 
ers. 


ICainfieedp^ 


Do. 

Do. 
Feed  end  east-aod-wei^ 

lines. 
Nozzle-line  risers. 
Pipe  under  road. 


Do. 

Da 

Do. 
Far  end  all 
Pipe  posts. 


Main  feed  pipe. 

Do. 
Bottom  vest  risers. 
Top  east^and-west 
Feed  end  nozzle  " 
Nozzle  lines 

Da 

Do. 

Do. 
Feed  end  nozzle  lliMi^ 
Far  end  nozzle 
End  of  main. 
Nozzle  lines. 

Do. 
Top  of  posts. 


Note.— Main  feed  pipe  is  made  6-inch  size  full  length,  as  full  head  of  water  is  to  be  pcmtped  to 
fields  for  surface  irrigation. 

THE  DESIGNING  OF  PUMPING  PLANT. 

As  in  the  designing  of  the  field  system,  the  fanner  should  ob- 
tain all  possible  assistance  in  designing  a  suitable  pumping  equip- 
ment. It  is  desirable  to  purchase  machinery  for  which  rep&iis  can 
be  obtained  readily  from  a  local  representative,  yet' when  the  services 
of  an  irrigation  engineer  are  not  obtainable  the  farmer  should  submit 
all  possible  data  regstrding  the  conditions  the  plant  must  fill  to 
several  reliable  pump  manufacturers  for  recommendations  and  quo- 
tations. A  suitable  request  for  the  pump  alone  or  a  complete  outfit 
including  engine  or  motor  for  this  purpose  may  be  submitted  in  tbe 
following  form: 

Gentlemen  : 

Tou  are  requested  to  submit  recommendations  and  bids  on  pumping  equip- 
ment  for  spray  irrigation  purposes  to  fill  the  conditions  outlined  below.  Prfetf 
should  be  quoted  on  (pump,  engine,  motor)  delivered  at 
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(nearest  railroad  station),  accompanied  by  full  descriptions  of  items  it  is 
proposed  to  furnish,  stating  guaranties,  efficiencies,  and  making  recommenda- 
tions on  the  size  and  items  of  construction  for  suction  and  discharge  pipes  to 
be  used. 

The  source  of  water  supply  is (well,  creek,  etc.). 

The  capacity  of  the  water  supply  is gallons  per  minute. 

The  foundations  for  pump  and  engine  are  to  be  of (concrete, 

brick,  wood)  set  in :—  (clay,  loam,  sand,  rock)  type  of  soil. 

The  vertical  distance  of  water  below  proposed  pump  foundation  is feet. 

The  vertical  distance  water  will  draw  down  when  pump  is  running  is 

feet. 

The  horizontal  distance  of  water  from  proposed  pump  is 

The  vertical  distance  of  proposed  pump  foundation  from  highest  land  to  be 
irrigated  is 

The  horizontal  distance  of  proposetl  pump  from  the  most  distant  irrigation 
unit  is 

The  suction  of  pump  must  be (vertical  or  horizontal). 

The  discharge  of  pump  must  be (vertical  or  horizontal). 

The  number  of  bends  in  suction  pipe  must  be   of  

(90  or  45)  degrees  angle. 

The  number  of  bends  in  discharge  pipe  must  be of 

(90  or  45)  degrees. 

The  amount  of  water  desired  per  minute  is . 

The  desired  pressure  on  nozzles  for  the  highest  ground  is . 

The  height  of  nozzles  above  highest  ground  will  be 

The  type  of  pump  preferred  is (displacement,  centrifugal),  to  be 

connected  to  power  by (belt,  gear,  direct). 

The  power  desired  for  operating  th6  pump  is 

I  now  have  a horsepower engine. 

The  speed  of  my  engine  is revolutions  per  minute. 

The  size  of  engine  belt  pulley  is diameter, width. 

I  can  obtain  alternating  electric  current  of phase,  

cycles, voltage. 

1  can  obtain  direct  electric  current  of voltage. 

The  following  is  a  sketch  of  my  water  supply,  showing  the  desired  location 
of  pumping  plant  and  field  to  be  irrigated. 

SUCTION  UFT. 

It  is  advisable  to  set  all  pumps  as  close  to  the  water  as  possible  and 
under  ordinary  conditions  the  suction  lift  should  not  exceed  that 
given  in  Table  5.  Suction  depends  upon  the  atmospheric  pressure, 
which  decreases  as  altitude  increases. 

Table  5. — Practical  suction  lift  of  pumps  at  different  altitudes. 


Altitude  above  sea  level. 


Sea  level 

}  mile  (1,320 feet).. 
2  mile  (2,040  feet).. 
}  mile  (3,900  feet).. 


Practi- 
cal suc- 
tion lift 

of 
pumps.i 


Feet. 


Altitude  above  sea  level. 


1  mile  (5,280 feet).... 
U  miles  (6,600  feet)., 
li  miles  (7,920  feet).. 
2mflesaO,.')60feGt).. 


Practi- 
cal suc- 
tion lift 

of 
pumps.1 


Feet. 


20 
10 
18 
17 


1  Practical  suction  lift  of  pumps  Is  equal  to  the  vertical  distance  water  is  lifted,  plus  the  head  due  to 
friction. 
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POWER. 

The  kind  and  amount  of  power  a  farmer  should  use  for  spray 
irrigation  must  depend  much  upon  his  local  facilities  for  obtaining 
fuel  or  electricity.  The  fuels  most  commonly  used  in  the  humid  re- 
gions are  gasoline,  kerosene,  natural  gas,  and,  in  Florida,  wood.  In 
the  arid  regions  the  heavier  oils,  as  well  as  electricity,  are  more  avail- 
able, and  can  be  added  to  the  other  common  sources  of  power.  With 
an  engine  a  farmer  is  incurring  no  fuel  charge  except  when  it  runs, 
although  where  a  plant  is  to  be  run  more  or  less  continuously  during 
an  irrigation  season,  as  in  the  arid  districts,  electricity  is  a  much 
more  automatic,  cleaner,  and  often  cheaper  power  to  use.  SoiDe 
farmers  may  have  a  portable  engine  or  tractor  for  other  uses  on  the 
farm  which  can  be  used  economically  if  the  pump  is  purchased  to 
suit  such  power. 

Table  6. — Horsepower  required  to  lift  different  quantities  of  water  to  eiera- 
tions  of  10  feet  to  900  feet. 

[Effidency  of  pnmping  plant,  50  per  cent  of  thecH'etical.    Use  tor  estimating  purposes  only.] 


Elevation  in  feet. 

Gallons  per 

-    - 

minute. 

1 

;       1 

, 

10 

20      80 

! 

40 
h.p. 

60 
h.p. 

60  '   70   1  «) 

90 

100  1  125 

150  ,  175 

200 

250      UK 

o'&s 

h.pAh.p.   h.p. 

h.p. 

h.p.   k.p. 

*.p. 

h.p. 

h.p. 

fcp.kpL 

6 

0.05 

0.07 

0. 10,  0. 12 
.20l    .26 

0.14  0.16  0.20 

0.22 

a  25 

a  31 

a  37 

a  43 

0.50 

aaz  (Lz 

10 

.050 

.10 

.15 

.30^    .35;    .40 

.44 

.60 

.62 

.76 

.87 

1.00 

L34    LSI 

15 

.075 

.15 

.22 

.30     .37 

.46     .521    .60 

.68 

.75 

.94 

1.12 

1.31 

1-50 

1.8St 

IS 

20 

.100 

.20 

.30 

.40;    .50 

.60*    .70     .80 

.90 

1.00 

1.26 

1.50 

1.75 

2.00 

2.50 

1« 

25 

.125 

.25 

.37 

.50,    .62 

.76     .88  1.00 

1          1 

1.12 

1.26 

1.66 

1.87 

2.18 

2.50 

3.12 

X3 

30 

.150 

.30 

.45 

.60     .75 

.90  1.04   1.2(^ 

1.36 

1.50 

1.87 

2.25 

2.62 

3.00 

3.74    4» 

35 

.175 

.35 

.52 

.70     .87 

1.06,  1.22   1.40 

1.58 

1.76 

2.19 

2.62 

3.15 

3. 50 

4w3S    J^S 

40 

.200 

.40 

.60 
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1.80 
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3.50 

.     4.00 
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45 
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.45;     .67 
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2.25 

2.81 
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3.»4 
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50 
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.50^ 
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2.60 
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3.75 
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60 
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1.80  2.I0I  2.40 

2.70 
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3.76 
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70 
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80 
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7.00 
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90 
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1       1       1       1       :       1 
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Table  6  gives  the  power  necessary  to  lift  different  quantities  of 
water  different  heights.  The  table  is  based  on  an  efficiency  of  50 
per  cent  of  the  theoretical  horsepower,  and  will  serve  the  fanner  for 
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general  estimating  purposes.  Small  plants  under  100  gallons  per 
minute,  especially  in  the  case  of  centrifugal  pumps,  are  apt  to  re- 
quire a  greater  horsepower  than  given,  while  the  larger  plants  should 
require  somewhat  less,  due  to  the  greater  efficiencies.  In  every  case, 
however,  the  actual  horsepower  to  use  should  be  determined  by  the 
manufacturers  furnishing  the  pimip. 

OUTLINE  OF  PROCEDURE  FOR  INSTALLING  SPRAY  IRRIGATION 

SYSTEMS. 

This  outline  is  for  the  installation  of  an  overhead  spray  plant,  but 
by  substituting  underground  laterals  and  nozzle  risers  for  nozzle 
lines  and  posts  it  will  apply  to  the  stationary,  circular  nozzle  type  of 
system. 

First,  excavate  a  trench  for  the  main  feed  pipe.  Second,  lay  the 
main  feed  pipe.  Third,  screw  nozzle  line  risers  into  main,  feed  pipe. 
Fourth,  install  posts  for  nozzle  lines.  Fifth,  assemble  and  tap  nozzle 
lines  for  nozzles.  Sixth,  install  pumping  equipment  and  house. 
Seventh,  pump  water  thorugh  distribution  system  to  flush  out  dirt. 
Eighth,  install  nozzles  in  nozzle  lines. 

INSTALLING  THE  MAIN  FEED  PIPE. 

The  main  feed  pipes  are  expensive  items  and  therefore  should  be 
carefully  designed  and  located.  Usually  the  main  pipes  should  be 
made  as  short  as  possible  and  yet  intersect  the  nozzle  lines  at  inter- 
vals so  that  their  length  will  not  exceed  600  feet ;  otherwise  the  sizes 
of  the  nozzle  lines  become  large  enough  to  offset  any  saving  in  cost 
from  the  use  of  fewer  mains.  The  field  to  be  irrigated  should  be 
divided  into  irrigation  units,  each  unit  having  an  area  to  correspond 
to  the  capacity  of  the  main  and  pumping  plant.  The  main  feed  pipe 
should  be  given  sufficient  size  to  carry  the  water  for  one  unit  at  a  time 
without  excessive  friction  loss.  (See  Table  2,  p.  30.)  When  the  most 
distant  unit  is  reached  the  main  can  be  decreased  in  size  gradually  to 
correspond  to  the  amount  of  water  taken  out  by  each  nozzle  line, 
unless  the  full  capacity  is  needed  for  extension  or  another  type  of 
irrigation  in  an  adjoining  field.  All  pipe  over  2  inches  in  diameter 
should  be  cut  in  the  shop  to  fit  the  spacing  of  nozzle  lines.  Straight 
mains  of  the  larger  sizes  should  be  equipped  with  expansion  joints 
near  the  pumps  to  absorb  the  contraction  and  expansion  of  the  pipe 
due  to  changes  of  temperature.  Easy  bends  should  be  used  where  it 
is  necessary  to  change  the  course  of  the  main.  All  angles  retard  the 
flow  of  water  by  friction. 

The  main  feed  pipe  should  be  laid  underground  below  the  depth  of 
cultivation  and  on  a  grade  so  it  can  be  drained  at  convenient  places, 
especially  in  regions  where  freezing  occurs.     The  main  should  be 
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installed  as  the  first  part  of  the  construction  so  that  the  posts  for  the 
nozzle  lines  can  be  set  to  correspond  with  the  risers  from  the  main. 

Excavating  for  the  main  can  be  facilitated  by  plowing  and  throw- 
ing the  loose  materials  out  by  hand.  The  second  and  following  plow- 
ings  should  be  done  with  a  narrow  plow  hitched  to  a  steady  horse. 
The  main  pipe  should  be  put  together  while  lying  on  timbers  across 
the  trench,  so  that  each  joint  can  be  fitted  easily  and  tightened. 
Usually  a  section  of  200  feet  or  more  can  be  put  together  and  then 
allowed  to  sag  gradually  into  the  trench  as  the  length  increases. 
There  are  two  points  where  installation  of  a  main  feed  pipe  may 
begin.  If  the  pumping  plant  has  been  installed  and  careful  measure- 
ment has  been  made  to  the  first  lateral,  the  main  can  begin  at  the 
pump.  If  there  is  an  important  branching  of  mains,  then  the  start- 
ing point  can  be  at  the  branch  or  the  first  definitely  located  nozzle 
line  nearest  the  pump  and  the  pipe  then  laid  in  two  directions  toward 
the  pump  and  through  the  field.  The  main  pipe  then  can  be  cut  to 
fit  to  the  pump  or  the  pump  set  to  fit  the  main  with  the  aid  of.  the 
expansion  joint  and  flange  couplings. 

INSTALLING  NOZZLE  LINES. 

The  first  parts  of  the  field  system  to  be  installed  are  the  posts. 
These  should  be  located  carefully  to  line  up  in  every  direction,  so 
far  as  possible,  like  trees  in  an  orchard.  The  risers  from  the  main 
feed  pipe  should  form  the  first  post  to  each  line  and  form  a  starting 
point  for  measuring.  It  usually  is  advisable  to  locate  the  posts  on 
the  two  outside  lines  of  the  field  and  then  one  center  line  in  which  the 
posts  will  line  up  with  the  outside  ones.  It  is  an  easy  matter  then  to 
locate  the  remainder  of  the  posts  by  intersection  sighting.  In  the 
case  of  wooden  posts,  the  tops  should  be  cut  to  uniform  heights. 
Posts  made  from  pipe  can  be  driven  a  short  distance  into  the  earth 
in  the  bottom  of  a  post-auger  hole,  and  after  they  are  lined  up  and 
adjusted  to  a  uniform  height  the  auger  hole  about  the*  pipe  can  be 
filled  with  concrete. 

After  the  posts  have  been  set  in  the  field  the  bearings  are  fastened 
to  them  and  the  sections  of  pipe  placed  on  the  ground  along  the  side 
of  each  line.  Each  nozzle  line  is  then  screwed  together  tightly,  great 
care  being  taken  to  remove  all  dirt  and  filings  from  each  section. 
Paint  or  lead  should  not  be  used  on  the  inside  of  the  joints,  as  such 
material  on  the  inside  would  cause  clogging  of  the  nozzles.  It  is 
better  to  apply  heavy  graphite  grease  after  the  thread  has  been 
started.  When  wooden  posts  are  used,  the  pipe  line  is  laid  upon 
60  to  90  penny  spikes,  one  of  which  is  driven  firmly  into  the  side  of 
each  post.  The  spikes  should  be  placed  about  3f  feet  to  4  feet  above 
the  ground,  depending  upon  the  height  of  the  man  who  will  do  the 
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drilling  for  the  nozzles.  Where  pipe  posts  are  used,  the  pipe  can  be 
held  in  place  for  drilling  by  wrapping  a  tight  wire  twice  around  the 
posts,  then  looping  the  wire  around  the  nozzle  pipe  line  so  that  the 
pipe  will  hang  several  inches  below  where  it  is  attached  to  posts. 
The  pipe  is  then  fastened  rigidly  so  that  it  can  not  turn  while  being 
drilled.  A  good  way  to  do  this  is  to  replace  the  handle  in  the  turn- 
ing union  with  a  10  or  12  foot  length  of  f -inch  pipe,  so  that  one  end 
will  rest  on  the  ground,  acting  as  a  wrench  holding  the  entire  line. 
The  nozzle  holes  are  then  spaced  with  a  stick  cut  the  proper  length 
and  marked  with  crayon.  Three  to  four  feet  is  the  usual  distance 
between  the  nozzles. 

The  nozzle  holes  must  be  in  a  straight  line  along  the  shell  of  the 
pipe.  To  accomplish  this  a  special  drilling  machine  is  used.  This 
machine  hangs  on  the  pipe  and  can  be  set  in  a  perpendicular  position 
by  means  of  an  attached  level  bubble.  It  is  securely  clamped  for 
each  drilling  and  the  hole  is  made  on  the  lower  side  of  the  pipe.  The 
shank  of  the  drill  is  a  thread  tap,  so  that  the  hole  is  threaded  by  run- 
ning the  drill  into  the  pipe  at  the  completion  of  the  hole.  Lard  oil 
only  should  be  used  on  the  drill,  as  mineral  oils  cause  the  metals  to 
heat  and  pinch  the  drill.  A  drop  or  two  of  oil  placed  on  the  upper 
side  of  the  pipe  will  run  to  the  lower  side  and  be  sufficient  for  each 
hole. 

When  the  drilling  of  a  line  is  complete  the  pipe  is  placed  in  its 
permanent  supports  and  connected  to  the  feed  pipe.  It  always  is 
desirable  to  run  the  water  through  the  lines  before  screwing  in  the 
nozzles.  This  will  wash  out  all  the  foreign  materials  in  the  pipe, 
and  the  nozzles  can  be  put  in  at  any  time.  When  the  water  is  iSrst 
pumped  through  after  the  nozzles  are  in  place,  the  end  of  the  pipe 
should  be  left  open  for  a  time  and  each  nozzle  inspected.  Scales  or 
dirt  in  a  nozzle  can  be  dislodged  by  striking  the  opposite  side  of  the 
pipe  a  sharp  blow  with  a  hammer  while  a  finger  is  placed  over  the 
nozzle.  A  small  wire  thrust  into  the  nozzle  and  quickly  withdrawn 
also  assists  in  removing  obstructions. 

COST  DATA. 

Cost  data  for  material  can  be  given  only  for  general  estimating 
purposes,  as  the  markets  fluctuate  and  the  prices  must  vary  also 
with  the  freight  to  different  points. 

Manufacturers  have  a  standard  list  of  prices  on  pipe  and  fittings 
from  which  discounts  are  given,  according  to  the  condition  of  the 
metal  market,  freight  rates,  and  size  of  order.  The  standard  lists 
are  given  in  Table  7,  with  the  probable  range  of  discounts  based  on 
Pittsburgh,  Pa. 
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Table  7. — Standard  list  prices  on  wrought-iron  and  steel  pipe,  black  and  gal- 
vanized. 


Diameter  in  inches. 


Weight 
List        per  foot, 
price  per    threads 
foot.      '      and 

couplings. 


Threads 
per  inch. 


2  . 

2i. 


10. 11} 
.17 
.23 
.27i 
.37 


:f4 


1.134 

l.(»4 
2.281 
2.731 
3.678 
5.819 
7.616 


14 

lU 

lli 

11? 
8 
8 


Diameter  in  incdies. 


List 


Weight  ' 

P£J^V  '  Threads 
threads    ^^^ 

ooaplings. 


10.92 
1.09 
1.48 
1.92 
2.38 
2.50 


9.202 
10.8S9 
14.810 
19.185 
23.769 
25.000 


APPROXIMATE  HaNOE  OF  DISCOUNTS. 

Per  c«nt  off  1^ 

Black  wrought-iron  pipe,  random  lengths 65  to  75 

Galvanized  wrought-iron  pipe,  random  lengths 55  to  *55 

Black  wrought-steel  pipe,  random  lengths 70  to  SO 

Galvanized  wrought-steel  pipe,  random  lengths fi5  to  73 

Cast-iron  and  malleable  fittings 65to7S 

Table  8. — Standard  list  prices  on  hlack  fittings  for  wrought  iron  and  steel  pipe. 


Diameter  of  pipe  (inches). 


Galvanized  Fittings  for  Wrought  Iron  and  Steel  Pipe. 


Average  Cost  of  Standard  Brass  Screw  Gate  Valves. 


f  inch lO.flO 

Ifiiich 1. 10 

2-inch 2. 25 


Ifach 10,85 

li-lnch 1.50 


Average  Cost  of  Standard  Iron  Body  Screw  Gate  Valves. 


2Mnch t2.85 

3-inch 3. 50 

3i-inch 4.25 

4-inch 5.25 


5-inch 17.00 

6-inch 8.00 

7-inch 12.35 

8-inch 13.50 


The  smaller  the  pump  the  greater  the  cost  per  gallon  capacity. 
Small  displacement  pumps  of  10  to  50  gallons  per  minute  capacity 
range  in  cost  from  $4  to  $1  per  gallon  per  minute  capacity.    Pumps 
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having  capacities  of  50  to  100  gallons  per  minute  range  in  cost  frcnn 
$3  to  $1  per  gallon  per  minute  capacity.  Larger  pumps  of  the  duplex 
and  triplex  types  range  as  low  as  $1  per  gallon  per  minute  capacity. 
These  cost  figures  are  for  surface  displacement  pumps  and  do  not 
apply  to  deep-well  equipment,  which  must  vary  according  to  local 
requirements. 

The  cost  of  centrifugal  pumps  is  less  than  that  of  displacement 
pumps  having  the  same  capacity,  but  the  same  general  rule  holds 
that  the  smaller  the  pump  the  greater  the  cost  per  unit  capacity.  It 
seldom  is  feasible  to  use  a  centrifugal  pump  for  spray  irrigation 
where  the  requirement  is  less  than  125  gallons  per  minute.  The  cost 
can  be  assumed  to  range  from  $1.25  per  gallon  per  minute  capacity 
for  the  small  pumps  to  10  cents  per  gallon  per  minute  capacity  for 
large  pumps.  The  figures  are  for  horizontal  high-pressure  cen- 
trifugal pumps  for  belt  or  direct  drive  and  do  not  apply  to  vertical- 
shaft  or  deep-well  turbine  pimips,  the  cost  of  which  varies  according 
to  local  requirements. 

Pumps  are  made  in  definite  sizes,  each  size  having  an  economic 
capacity.  The  irrigation  system  should  be  designed  to  fit  some 
standard-sized  pump,  so  far  as  possible,  in  order  to  make  the  most 
economical  installation  in  first  cost  and  in  operation. 

Table  9. — Range  in  prices  per  horsepotccr  for  electric  motors. 


Horsepower. 

Altornating  current . 

High 
speed 
per  horse- 
power. 

Low 
speed 
per  horse- 
power. 

TTIgh 
speed 
per  horse- 
power. 

Low 
speed 
per  horse- 
power. 

1 

141 
14 
14 
12 
11 
9 

$81 
35 
27 
20 
20 
18 

148 
23 
20 
15 
13 

154 

26 
23 
15 
16 

s:::*::::::::::::::::::::: 

10 

30 

25 

36 

The  cost  of  gas  and  oil  engines  varies  according  to  type,  materials 
of  construction,  surface  finish,  ignition  system,  fuel  equipment,  etc. 
In  the  case  of  engines  built  for  gas  and  the  lighter  oils,  like  gasoUne, 
kerosene,  etc.,  the  four-cycle  engines  usually  are  much  heavier  than 
the  two-cycle,  and  their  cost  ranges  somewhat  in  proportion.  Four- 
cycle engines  of  this  type  may  be  estimated  at  a  cost  of  $25  to  $40 
per  horsepower,  while  two-cycle  engines  range  from  $18  to  $25  per 
horsepower.  Heavy  oil  engines  are  built  in  greater  weight,  regard- 
less of  cycle,  and  their  cost  should  be  estimated  from  $40  to  $50  per 
horsepower. 

For  estimating  purposes  electric  motors  may  be  divided  into  two 
general  classes,  those  running  on  alternating  current  and  those  run- 
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ning  on  direct  current.  The  chief  factor  affecting  the  price  of  a  given 
motor  is  the  speed  for  which  it  is  built — the  lower  the  speed  thr 
higher  the  price.  Table  9  gives  the  range  in  price  per  horsepower 
for  simple  types  of  motors  adaptable  to  ordinary  pumping  condi- 
tions. The  prices  do  not  include  cast-iron  slidhig  bases,  pullers, 
wiring,  etc 
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INTRODUCTION. 

Two  very  important  factors  must  be  considered  in  administering 
timber-sale  areas,  viz,  the  conservation  of  the  present  second  growth 
and  the  leaving  of  the  area  in  the  best  possible  condition  for  future 
reproduction.  The  particular  method  of  brush  disposal  over  such 
areas  is  therefore  of  importance  from  the  reproduction  viewpoint. 
In  the  semiarid  regions  of  the  Southwest  the  dominant  factor  gov- 
erning reproduction  is  the  obtaining  and  conserving  of  sufficient 
moisture  to  germinate  the  seeds  and  to  carry  the  seedlings  over  the 
first  four  or  five  years  of  their  existence.  In  the  forests  of  Arkansas 
the  conservation  of  the  moisture  is  of  minor  importance,  since  the 
annual  rainfall  is  usually  sufficient  to  supply  all  of  the  moisture 
necessary  for  the  germination  of  the  seed  and  for  the  continued 
growth  of  the  seedlings. 

Fire  is  a  very  important  factor  from  a  reproduction  viewpoint 
in  the  National  Forests  of  Arkansas,  The  Ozark  National  Forest 
consists  almost  exclusively  of  mixed  stands  of  timber  in  which  hard- 

iThe  writer  is  under  obligations  to  Mrs.  Flora  W.  Patterson  and  Drs.  E.  A.  Burt, 
C.  L.  Shear,  and  W.  A.  Murrlll  for  assistance  rendered  in  identifying  many  of  the  fnngL 
mentioned  in  this  bulletin. 
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wr»i  trees  gsoaUt  predomTiate,  while  the  Arkansas  Natioul  Foret 
is  d^i^'iiQaied  br  pines.  The  annual  leaf  £lB  from  the  deciduous 
tnetss  accamclatii^  jear  after  jear  on  the  grocmd  and  the  krge 
gr*  wtLk  of  ondefbrash  present  oonstitnte  a  perpetual  fire  meoaot 
Even  on  areas  in  these  two  forests  where  diortleaf  pine  (P/jw 
€'  h^r.'i^^a)^  is  being  U'gged  there  are  osnally  enoog^  deddnoos  trees 
aii  I  cnderbmsh  present  to  make  a  groond  litter  from  the  filkn 
lea  e<«  to  which  most  be  added  the  osoal  leaf  Utter  found  mider  pise 
trees. 

Hie  method  of  brush  disposal  tiiat  will  giTe  to  the  reprodndkfi 
over  these  areas  protection  from  fire  and  yet  leave  as  much  as  pog- 
sihle  of  the  forest  litter,  leaves*  twigSs  eta,  on  the  groond  to  rot 
thereby  adding  fertility  to  the  soil  and  protecting  it  against  exces- 
sive erosion  by  restraining  the  nm-off,  is  the  one  that  should  be 
adopted.  The  best  method  of  hnaA  disposal  when  the  sla^  remsn^ 
on  lotr;2re<l  areas  is  that  which  leaves  the  brush  in  such  a  amditks 
that  it  will  rot  most  rapidly,  thus  removing  as  aooa  as  possible  tk 
fire  menace  from  this  source. 

METHODS  OF  BRUSH  DISPOSAL. 

The  three  methods  of  brush  disposal  discussed  in  this  bulletin  are 
(1)  pulling,  (2)  piling,  and  (3)  scattering. 

By  "pulling"  is  meant  that  the  brush  in  the  tops  of  the  felkd 
trees  is  not  lopped,  but  is  left  exactly  as  the  tree  tops  fall  except  whfii 
they  fall  on  or  near  reproduction.  When  brush  is  too  close  to  repro- 
duction  it  is  pulled  away  from  the  young  trees  and  merchantaUe 
timber,  to  decrease  the  danger  from  possible  fire;  hence  the  tern 
"pulled  brush." 

The  terms  " piling"  and  " scattering"  are  self-explanatory. 

Piling  is  the  usual  method  of  brush  disposal  followed  in  fl» 
National  Forests  of  Arkansas.  However,  a  few  Forest  Service  areas 
were  examined  where  the  brush  had  been  scattered  as  an  experiment 
In  this  State  pulling  the  brush  has  not  yet  been  practiced  on  Govem- 
ment  sales,  but  on  alienated  or  patented  lands  all  of  the  brush  is 
the  tops  of  the  felled  trees  is  generally  left  as  it  falls.  This  is  rally 
a  combination  of  "  pulling"  and  "scattering,"  since  the  tops  are  kft 
unlopped  while  the  branches  Qut  from  the  merchantable  porticm  of 
the  bole  are  scattered  on  the  ground.  Tlie  character  and  rate  of 
rotting  of  the  brush  left  on  these  private  areas  will  therefore  be  the 
same  as  when  the  brush  is  pulled  or  scattered. 

This  bulletin  deals  specifically  with  the  rapidity  with  which  the 
brush  rots  and  with  the  fungi  causing  this  rotting  imder  each  of 

1  The  nomenclatDre  for  trees  used  In  this  paper  is  that  of  George  B,  Sndwortb.  (Clrf 
Ust  of  the  forest  trees  of  the  United  States,  their  names  and  ranges.  U.  S.  Dept  ^ 
Dly.  Forestry  BuL  17,  144  p.     1898.) 
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these  methods.  It  will  be  necessary  in  discussing  the  various  methods 
of  brush  disposal  to  take  into  consideration  the  types  of  timber  being 
cut.  In  the  Ozark  National  Forest  the  main  timber  is  white  oak 
(Qtiereus  alba)  intermixed  with  black  oak  (Q.  velictina),  post  oak, 
(Q.  8feUata)j  and  several  other  species  of  minor  importance,  while  on 
certain  areas  some  shortleaf  pine  is  found.  In  the  Arkansas  National 
Forest  the  bulk  of  the  timber  to  be  logged  is  shortleaf  pine. 

The  investigations  of  the  rotting  of  slash  in  Arkansas  were  car- 
ried on  in  the  Arkansas  and  Ozark  National  Forests  on  areas  which 
had  been  logged  from  1  to  10  years.  All  of  the  areas  examined  which 
had  been  logged  for  more  than  five  years  were  on  private  or  patented 
lands,  but  located  within  these  National  Forests.  The  conclusions 
reached  from  these  studies  should  be  applicable  to  all  of  the  other 
areas  in  these  two  forests,  since  the  underlying  principles  are  identical 
and  the  climatic  conditions  very  similar. 

WHITE-OAK  SLASH. 

FUNGI  WmCH  BOT  THE  SLASH. 

Four  main  fungi  were  found  rotting  the  white-oak  slash,  viz, 
Stereum  ramecde^  S.  versiforme^  S.  umbrinum^  and  S.  fasciattim.  All 
are  sap-rotting  fungi  which  cause  but  little  apparent  change  in  the 
texture  of  the  wood.  They  produce  what  might  be  called  indeter- 
minate rots,  since  there  are  no  well-defined  characteristics  which 
mark  any  one  of  them.  All  slightly  discolor  the  wood,  which  later 
becomes  whitish  in  color,  lighter  in  weight,  and  easily  broken. 
Strange  to  say,  each  of  these  fimgi  rots  its  own  special  portion  of 
the  slash.  Stereum  rameale  is  usually  found  attacking  twigs  which 
bear  the  leaves  and  very  small  branches  (1  inch  or  less  in  diameter). 
This  fimgus  seems  to  begin  on  the  twigs  and  works  gradually  down 
them  to  where  the  branches  are  about  1  inch  in  diameter ;  there  two 
other  fungi  {S,  versiforme  and  S.  umhrinvm)  take  up  the  work  and 
rot  the  small  branches  up  to  2  or  3  inches  in  diameter,  where  a  fourth 
fungus  {S.  fasciatvm)  usually  begins  its  attack  on  the  wood.  This 
is  the  main  fungus  which  rots  the  sapwood  of  the  logs  and  large 
branches  3  inches  or  more  in  diameter,  and  it  is  often  found  rotting 
the  sapwood  of  the  stumps  as  well  as  the  boles  and  large  branches 
of  standing  dead  oak  trees.  None  of  these  fimgi  destroys  the 
attacked  wood  completely,  its  final  disintegration  being  left  to 
other  groups  of  fungi,  insects,  etc. 

The  heartwood  of  the  large  branches  and  trunks  remains  for  many 
years  after  the  sapwood  is  destroyed,  but  meantime  it  is  being  slowly 
rotted  by  a  delignifying  fungus  {Sterewni'fruatulosum)^  which  pro- 
duces small  cavities  or  pockets  in  the  wood. 

Other  fungi  of  minor  importance  were  found  attacking  the  oak 
slash,  the  most  important  of  which  was  a  small,  dark-brown,  gelat- 
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inous  fungus  {Exidia  glanduloaa)  found  at  irregular  intervals  tloog 
the  twigs  and  small  branches.  Its  action  on  the  wood  is  to  prodiue 
whitish  rotten  areas,  usually  extending  entirely  through  the  braudi, 
thus  forming  a  line  of  weakness  which  ultimately  causes  the  brand 
to  break  into  small  sections  (2  to  several  inches  long).  These  pieces 
fall  to  the  ground,  where  complete  disintegration  follows. 

Merulius  coHum^  Hymenochaete  curtisli^  Diatrype  stigma^  and 
Stereum  Mrsutwm,  are  other  fungi  occasionally  found  attacking  the 
twigs  and  small  branches,  while  Merulius  tremettosusj  Polystid^ 
pergamenus^  P.  versicolcrt*^  PolypoTU%  gilvus^  P.  cinnabarirms,  P. 
bemointcSy  Lemites  betulina^  Flammula  sp.,  Panus  stipticus^  Steitwk 
spadiceum,  Lycoperdon  pyriforme^  Xylaria  hypoxylon^  and  sevaal 
species  of  Poria  are  occasionally  found  rotting  logs,  stumps,  and 
large  branches. 

Pwrvm  %tipticu8y  Flarrmiula  sp.,  Merulius  tremeUosus^  XyJam 
hypoxylon,  and  Lycoperdon  pyriforme  are  fungi  which  apparently 
attack  wood  which  has  been  more  or  less  rotted  by  other  fungi. 

Polyatictus  pergaTnervus^  P.  versicolor^  Polyporus  gilvusy  P.  ctwia- 
harinuSy  P.  bemoinusy  and  Lenzites  betulina  rot  both  the  sapwood 
and  heartwood,  but  unfortunately  none  of  them  are  common  on  wk 
slash  in  the  forests  of  Arkansas.  None  of  the  fungi  found  rotting 
the  oak  slash  produces  a  heart  rot  in  the  living  tree.  However,  cer- 
tain fungi  which  cause  heart  rots  in  living  oak  trees  will  continue  to 
grow  in  the  infected  wood  after  the  trees  are  felled.  The  most  impor- 
tant of  these  are  Ilydnum,  erirKweuSy  Polyporus  pUotae,  P.  svlfht 
reusy  and  Stereum  subpUeatum. 

BRUSH  WHEN  PULLED. 

Soon  after  a  living  tree  is  felled,  wood-boring  insects  and  vario© 
fungi  begin  their  work  of  disintegration  and  decay.  The  first  e^ 
dence  of  fungous  activity  in  slash  is  a  discoloration  of  the  sapwood 
in  the  twigs,  branches,  and  trunks,  which  usually  begins  a  fe» 
months  after  the  trees  are  felled.  Marked  evidences  of  decay  in  tbe 
shape  of  well-defined  rotten  spots  and  areas  in  the  wood  and  tfe 
formation  of  fruiting  bodies  or  sporophores  of  the  wood-rotting 
fungi  do  not  appear  until  one  or  two  years  after  the  trees  are  felled. 

All  of  the  leaves  in  the  tops  of  felled  oak  trees  will  usually  fall  ifl 
from  one  to  three  years,  depending  more  or  less  upon  the  age  of  tbe 
leaves  at  the  time  the  oak  was  cut  and  to  a  slight  extent  on  &f 
locality  in  which  the  timber  is  situated. 

The  small  branches  and  twigs  gradually  rot,  and  the  majority  of 
them  w  ill  have  fallen  to  the  ground  at  the  end  of  four  years.  Br 
the  end  of  six  years  practically  all  of  the  branches  in  the  tops  iril! 
have  rotted  and  fallen  except  some  of  the  very  large  ones  which 
have  much  heartwood.  Also,  practically  all  of  the  sapwood  in  4e 
boles  and  cull  logs  will  have  rotted  away  during  this  time. 
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BBUSH  WHEN  PILED. 

White-oak  brush  piles  were  examined,  ranging  from  1  to  6  years 
in  age.  During  the  first  year  after  the  trees  were  cut  but  little  evi- 
dence of  rot  could  be  seen  except  a  discoloration  of  the  sapwood.  By 
the  end  of  the  second  or  third  year  all  of  the  leaves  had  fallen  from 
the  twigs  which  were  exposed  to  the  sun's  rays,  and  the  brush  at  the 
tops  and  sides  of  the  piles  where  exposed  to  the  sunlight  had  rotted 
to  some  extent,  while  the  slash  in  the  middle  of  th^  piles  not  in  actual 
contact  with  the  ground  and  yet  protected  from  the  simlight  was 
rotted  but  slightly,  if  at  all.  The  twigs  and  small  branches  at  the 
bottoms  of  the  piles  were  more  or  less  rotted  by  certain  other  fungi 
(called  "ground"  fungi  in  this  bulletin),  which  apparently  entered 
these  branches  from  the  soil.  These  ground  fungi  seem  to  rot  the 
brush  more  rapidly  and  more  thoroughly  than  the  regular  slash-' 
rotting  fungi. 

Usually  there  is  but  little  evidence  of  rot  in  the  center  of  the  piles 
during  the  first  four  years  after  piling.  However,  around  the  edges 
and  through  crevices  in  the  top  the  simlight  sometimes  penetrates 
sufficiently  to  permit  slight  fungous  growth.  Nevertheless,  there  is  a 
marked  difference  between  the  rotting  of  the  brush  in  the  center  of 
the  piles  not  adjacent  to  the  ground  and  that  at  the  top  and  bottom 
of  the  pile. 

By  the  end  of  five  years  the  top  and  bottom  of  the  piles  have  rotted 
to  a  considerable  extent,  while  the  brush  in  the  center  of  the  piles, 
where  it  had  become  more  or  less  exposed  to  the  sun's  rays,  was 
beginning  to  rot. 

For  the  brush  in  the  center  of  the  piles  to  rot  completely  it  appar- 
ently (1)  must  be  brought  within  range  of  the  soil  moisture  by  the 
rotting  of  the  brush  below  it  and  by  the  settling  of  the  pile,  or  (2) 
the  upper  portion  must  disintegrate  sufficiently  for  the  sun^s  rays  to 
reach  the  center  of  the  pile.  Undoubtedly,  both  conditions  finally 
develop  and  aid  in  the  rotting  of  the  brush  which  was  originally  in 
the  center  of  the  piles. 

In  a  white-oak  brush  pile  the  layer  of  brush  at  the  bottom  would 
be  the  only  one  even  in  partial  contact  with  the  soil,  while  the 
remainder  of  the  pile  would  be  held  from  the  soil  by  this  first  layer 
and  therefore  could  not  receive  any  benefit  from  the  soil  moisture. 
Neither  are  the  piles  dense  or  compact  enough  to  raise  the  moisture 
content  of  the  air  around  the  brush  in  the  piles  sufficiently  to  encour- 
age the  growth  of  the  groimd  fungi  in  branches  not  in  actual  contact 
with  the  soil.  On  the  other  hand,  the  brush  not  in  contact  with  the 
soil  in  the  piles  and  yet  sheltered  from  sunlight  is  deprived  of  the 
activity  of  the  fungi  which  normally  rot  slash  in  the  open ;  that  is, 
slash  when  left  as  it  falls  in  the  tree  tops. 
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Since  piles  more  than  five  years  old  were  not  found,  Uie  writer 
can  not  state  positively  the  length  of  time  necessary  for  a  medinn- 
sized  compact  brush  pile  of  white  oak  to  rot  completely.  ApparaitiT 
it  would  take  from  three  to  six  years  longer  than  if  the  brush  were 
either  pulled  or  scattered.  However,  if  the  piles  are  very  small,  tie 
brush  will  rot  with  about  the  same  rapidity  as  when  the  tops  ire 
left  imlopped,  since  the  sunlight  can  then  penetrate  to  the  bottom. 

SPOBOPHORE  DEVELOPMENT  ON  PILED  BBT78H:. 

The  difference  between  the  development  of  sporophores  at  the  top, 
middle,  and  bottom  of  brush  piles  is  very  marked.  Practically  eTcry 
twig  and  limb  at  the  top  of  the  pile  bore  the  characteristic  sporo- 
phores of  Stereum  ramealej  S.  umbriwum^  and  S.  versiforrM,  on  the 
rotting  limbs,  while  no  sporophores  whatever  were  found  on  brandies 
in  the  center  of  brush  piles  which  were  large  and  compact  enough  to 
I  exclude  the  sunlight.  Very  rarely  were  any  sporophores  of  wood- 
rotting  fimgi  found  on  the  material  at  the  bottom  of  the  piks, 
although  sterile  myceliimi  was  frequently  present  on  the  brush  so 
situated.  It  was  therefore  diflScult  to  determine  what  fungi  were  am- 
cemed  in  the  rotting  of  the  brush  in  the  bottom  of  the  piles.  How- 
ever, sporophores  were  found  of  Meruliua  tremeUosuSj  Peniphora 
fiavido-alba^  Odontia  sp.,  Poria  pulcheUa^  and  two  unidentified 
species  of  Poria.  ^ 

BRUSH  WHEN  8CATTEBED. 

When  the  brush  is  lopped  and  scattered  it  rots  much  more  quickly 
than  when  piled,  and  in  some  localities  somewhat  more  quickly  thm 
when  left  attached  to  the  tops.  On  the  areas  examined  the  gain  in 
the  rotting  of  brush  when  scattered  compared  to  that  wh^i  pulled 
was  usually  about  one  year. 

When  white-oak  brush  is  scattered,  only  small  portions  of  the  limbs 
are  actually  in  contact  with  the  soil.  The  same  fungi,  therefore,  tbsX 
rot  the  unlopped  brush  will  also  rot  most  of  the  scattered  brush,  and 
with  about  the  same  rapidity. 

Brush  lying  on  the  groimd  sometimes  absorbs  from  the  soil  suffi- 
cient moisture  for  the  growth  of  ground  fungi  in  those  portions  of 
the  limbs  which  are  in  actual  contact  with  the  soil.  On  many  of  the 
areas  examined  the  additional  moisture  obtained  from  the  soil  by  the 
scattered  brush  was  not  suflScient  to  cause  the  ground  fungi  to  attad 
the  prostrate  limbs. 

The  influence  of  soil  moisture  on  the  branches  lying  on  the  ground 
usually  does  not  extend  more  than  4  to  6  inches  from  the  point  where 
the  limb  is  in  contact  with  the  soil.  This  means  that  the  benefit  to  be 
derived  from  the  ground  fungi  rotting  a  branch  is  limited  to  that  por- 
tion directly  in  contact  with  the  soil.    On  account  of  the  small  qutn- 
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tity  of  the  brush  thus  situated,  little  of  it  is  attacked  by  the  ground 
fungi,  and  the  benefits  thereby  derived  are  correspondingly  slight. 

At  the  end  of  five  to  six  years  all  of  the  brush  (twigs  and  small 
branches)  which  was  scattered  will  have  rotted,  and  much  of  it  will 
have  disappeared.  It  was  also  no  uncommon  thing  to  find  partially 
rotted  brudi,  whether  piled,  scattered,  or  lopped,  attacked  by  white 
ants  (termites)  and  the  partially  rotted  wood  replaced  to  some  extent 
by  dirt. 

BLACK-OAK  AND  POST-OAK  SLASH. 

Black-oak  and  post-oak  slash  was  attacked  by  practically  the  same 
fungi  which  rot  the  white  oak;  however,  but  little  of  this  type  of 
slash  was  seen.  The  twigs  and  small  branches  of  the  black  oak  in 
most  of  the  cases  examined  seemed  to  rot  somewhat  more  slowly 
than  white-oak  slash  of  the  same  character,  while  the  post-oak  slash 
seemed  to  rot  with  about  the  same  rapidity  as  the  white  oak. 

PolypoTus  cinnaharinus  was  occasionally  found  rotting  the  large 
limbs  and  boles  of  the  black  oak,  while  the  small  twigs  and  limbs  of 
the  post-oak  slash  were  sometimes  attacked  by  Schizophyllum  com/- 
mime,  and  cull  logs  and  stumps  were  occasionally  attacked  by 
Lentinua  lecomtei.  Stereum  ochraceo-'flavum  was  the  principal 
fungus  found  rotting  fire-killed  oak  bushes  2  inches  or  less  in  diam- 
eter, while  Polyatictus  pergamenus  was  the  fungus  usually  found 
attacking  fire-killed  trees  and  fire-killed  areas  on  standing  living 
trees  of  all  species  of  oak. 

SHORTLEAF-PINE  SLASH. 

Shortleaf -pine  slash  was  examined  on  areas  which  had  been  logged 
from  two  to  nine  years. 

FUNGI  WHICH  ROT  THE  SLASH. 

Two  main  fungi  were  found  rotting  the  shortleaf -pine  slash.  One 
begins  work  in  the  ends  of  the  small  branches  and  works  downward 
toward  the  trunk.  This  is  usually  Lemites  sepiaria^  a  dry-rot  organ- 
ism prevalent  throughout  the  United  States.  This  fungus  has  never 
been  found  by  the  writer  attacking  slash  which  was  not  exposed  to 
the  direct  rays  of  the  sun. 

The  second  fungus  enters  the  cull  logs,  boles  of  the  tree  tops,  and 
branches  2  inches  or  more  in  diameter.  It  is  what  the  writer  pre- 
viously has  called  the  "white-fir  fungus"  {Polystictus  ahietinus),^ 
It  is  a  sap-rotting  organism  and  usually  rots  but  little,  if  any,  of  the 
heartwood. 

1  "Long,  W.  H.  A  new  aspect  of  brush  disposal  in  Arizona  and  New  Mexico.  In  Proc. 
Soc.  Amer.  Foresters,  v.  10,  no.  4,  p.  383-398.     1016. 
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At  the  bottom  of  brush  piles  a  fungus  which  has  been  identified  as 
PoJyporus  amorphus  was  rather  common.  It  apparently  does  not 
attack  branches  and  limbs  which  are  not  in  contact  with  the  soil. 

MeruUus  amhiguua  was  occasionally  foimd  on  small  branches, 
while  Fomes  annosvs^  Porna  suhacida^  and  P,  vaporarda  were  found 
tm  large  prostrate  limbs,  trunks,  and  stumps.  Polyporun  palustri*^ 
Fomes  annosusj  and  CorHeium  galactinwm  seem  to  be  the  principal 
fungi  rotting  the  pine  stumps. 

BRUSH  WHEN  PULLED. 

All  of  the  needles  in  the  tops  of  felled  shortleaf-pine  trees  will 
fall  in  from  one  to  three  years,  depending  somewhat  on  the  locality 
in  which  the  timber  is  located.  The  branches  will  gradually  rot, 
and  many  of  them  will  have  fallen  from  the  trunk  at  the  end  of 
three  to  four  years.  By  the  end  of  five  years  practically  all  of  the 
branches,  large  and  small,  in  the  tops  will  have  rotted  and  fallen 
to  the  ground.  Also,  most  of  the  sapwood  in  the  boles  and  cull  logs 
will  have  rotted  in  this  time. 

Pitchy  limbs  and  trunks  containing  much  resin  rot  very  slowly 
and  may  be  found  long  after  the  less  resinous  wood  has  dis- 
appeared. 

Polystictus  ahietinua  and  Lemites  sepiaria  seem  to  rot  branches 
which  are  8  to  10  feet  from  the  ground  just  as  rapidly  as  those  near 
the  ground.  Lemites  sepiaria  also  attacks  decorticated  logs  and  the 
exposed  portions  of  railroad  ties  after  they  are  laid  in  the  track. 

BRUSH  WHEN  PILED. 

Shortleaf-pine  brush  piles  were  examined,  ranging  from  1  to  5 
years  in  age.  It  was  found  that  during  the  first  year  after  the  tree 
was  cut  but  little  rotting  occurred,  even  in  the  small  branches.  By 
the  end  of  the  second  or  third  year  practically  all  of  the  needles  had 
fallen  from  the  limbs  which  were  exposed  to  the  sun's  rays,  while  the 
needles  in  the  middle  of  the  piles,  which  were  protected  by  the 
overlying  brush,  were  in  good  condition  and  still  attached  to  the 
limbs.  In  five  years,  brush  at  the  top  of  the  piles  had  practically 
rotted  as  far  as  the  fungi  which  were  attacking  them  could  rot  it, 
while  the  brush  in  the  middle  of  the  piles  showed  few  signs,  if  any, 
of  rotting.  In  the  bottom  of  the  piles  the  brush  was  well  rotted,  but 
by  fungi  different  from  those  rotting  the  brush  at  the  top  of  the  piles. 
In  other  words,  a  brush  pile  of  shortleaf  pine  will  be  rotted  at  the 
top  by  Lemites  sepiaria  and  Polystictus  ahietinus^  the  center  of  the 
pile  will  be  rotted  but  little,  while  the  brush  at  the  bottom  of  the  pile 
in  contact  with  the  soil  will  be  rotted  by  certain  ground  fungi,  one 
of  which  has  been  identified  as  Polyporus  amorpKus,  This  means 
that  before  the  center  of  the  brush  piles  will  rot,  both  the  top  and 
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T>ottom  of  the  piles  must  disintegrate  sufficiently  to  expose  the  center 
of  the  pile  either  to  the  sunlight  or  to  the  moisture  of  the  soil.  This 
would  probably  add  from  three  to  five  years  at  least  to  the  length  of 
time  it  would  take  to  rot  the  slash  in  the  brush  pile  as  compared  to 
that  required  if  pulled  or  scattered. 

BRUSH  WHEN  SCATTERED. 

Practically  the  same  conditions  hold  for  shortleaf-pine  slash  when 
lopped  and  scattered  as  for  oak  slash;  that  is,  the  same  groups  of 
fungi  which  attack  the  pulled  pine  slash  will  attack  the  slash  when 
scattered  on  the  ground  unless  it  be  covered  with  leaf  debris.  Ground 
fungi  will  also  attack  that  portion  of  the  brush  immediately  in  con- 
tact with  the  soil,  provided  the  area  under  consideration  is  not  too 
dry,  like  the  south  and  southeast  slopes  of  steep  hillsides.  In  such 
locations  no  evidence  was  foimd  of  ground  fimgi  attacking  the  scat- 
tered brush,  or  even  the  brush  in  the  bottom  of  the  piles.  This  means 
that  the  pine  brush  when  lopped  and  scattered  will  rot  much  quicker 
than  when  it  is  piled,  and  on  some  sites  slightly  quicker  than  when 
left  attached  to  the  tops  or  pulled. 

THE  GROWTH  OF  WOOD-ROTTING  FUNGI. 

There  is  this  physical  factor  to  be  kept  in  mind  when  considering 
the  rotting  of  slash,  viz,  that  the  quantity  of  water  which  a  limb  or 
branch  obtains  is  practically  limited  to  the  precipitation  which  that 
limb  or  branch  receives  and  is  able  to  absorb  through  its  bark  into  the 
Fapwood  and  that,  so  far  as  the  amount  of  moisture  in  the  wood  itself 
is  concerned,  the  humidity  of  the  air  around  the  branch  would  not 
be  an  important  factor,  since  conditions  would  have  to  be  very  imique 
which  would  enable  a  branch  covered  with  bark  to  absorb  from  the 
surrounding  air  a  sufficient  quantity  of  water  to  make  any  appreci- 
able difference  in  the  water  content  of  the  branch  or  limb.  This 
would  mean  that  the  distance  the  branch  was  from  the  ground, 
whether  1  foot  or  5  feet,  would  make  but  little  difference  in  the  rela- 
tive supply  of  moisture  obtainable  from  the  atmosphere  which  the 
wood-rotting  fungi  in  the  branch  could  utilize.  It  might,  however, 
determine  to  a  slight  extent  the  amount  of  moisture  which  the  limbs 
could  lose,  especially  in  the  bottoms  of  the  piles.  In  regions  of  heavy 
dews  the  brush  lying  within  1  or  2  feet  of  the  ground  might  obtain 
more  ipoisture  than  brush  farther  from  the  ground. 

This  indicates  that  the  slash  would  have  to  be  practically  in  con- 
tact with  the  soil  to  gain  any  appreciable  quantity  of  moisture  other 
than  that  obtained  from  precipitation,  and  from  the  very  nature  of 
the  oak  brush  only  small  portions  of  any  given  limb  would  be  thus 
placed. 
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Different  groups  of  fungi  seem  to  have  adapted  themselves  to 
certain  growth  conditions.  For  instance,  Stereum  rameale  and  S. 
hirsutum  were  usually  foimd  only  on  the  twigs  and  small  branches, 
while  S.  umhrinum  and  S,  versiforme  occurred  mainly  on  twigs  and 
branches  2  inches  or  less  in  diameter.  None  of  these  four  fungi  were 
found  attacking  large  limbs  and  trunks  of  the  felled  trees,  while  S. 
fasciatum^  very  common  on  stumps  and  trunks,  rarely  occurred  on 
branches  less  than  3  inches  in  diameter.  None  of  them  were  found 
growing  on  timber  which  was  entirely  shaded  from  the  sun. 

The  fungi  which  rot  that  portion  of  the  branches  lying  in  actual 
contact  with  the  ground  under  the  brush  piles  belong  to  an  entirely 
different  group.  Such  fungi  apparently  need  a  large  supply  of 
moisture  and  probably  enter  the  wood  from  mycelia  already  growing 
and  ramifying  in  the  leaf  debris  in  the  soil.  This  group  of  fungi 
includes  those  which  are  normally  foimd  attacking  wood  partially 
or  entirely  buried  in  the  soil,  such  as  stumps  and  posts. 

WHY  BRUSH  IN  THE  CENTER  OF  THE  PILE  DOES  NOT  ROT. 

Why  the  fungi  which  are  found  attacking  the  limbs  exposed  to 
the  sunlight  will  not  usually  attack  the  brush  in  the  center  or  bottom 
of  the  piles  when  protected  from  the  sun's  rays  is  not  known.  Ap- 
parently temperature  and  moisture  are  not  the  only  prominent  fac- 
tors controlling  fungous  growth  and  activity  in  nature.  Is  it  pos- 
sible that  sunlight  is  a  factor  in  the  germination  and  growth  of 
wood-rotting  fungi  in  their  natural  habitats? 

In  a  previous  article  by  the  writer,^  the  theory  was  advanced  that 
the  reason  why  the  brush  in  the  center  and  bottoms  of  the  piles  in 
the  semiarid  regions  of  Arizona  and  New  Mexico  did  not  rot  was 
due  to  temperature  conditions  prevailing  in  the  high  altitudes.  That 
the  temperature  in  Arkansas  could  be  a  prominent  factor  in  the 
rotting  of  the  brush,  or,  rather,  in  the  lack  of  the  rotting  of  the  brush 
in  the  middle  of  the  piles,  seems  hardly  possible,  since  the  tempera- 
ture there  is  sufficiently  high  during  a  large  portion  of  the  year  for 
fungous  mycelia  to  grow  vigorously,  provided  the  other  factors 
necessary  for  fungous  growth  are  also  present. 

The  precipitation  in  Arkansas  is  sufficient  to  supply  all  the  mois- 
ture necessary  throughout  the  entire  brush  pile  for  the  active  growth 
of  wood-rotting  fungi.  It  seems,  therefore,  that  enough  moisture 
would  persist  in  the  center  of  the  piles  for  the  brush  to  rot  at  least 
as  rapidly  as  the  pulled  brush.  The  fact  that  twigs  and  branches  in 
the  center  of  piles  large  enough  to  be  shaded  from  the  rays  of  the 
sxm  were  the  only  ones  not  rotted  seems  to  indicate  that  sunlight  may 
possibly  play  a  part  in  the  rotting  of  the  brush,  not  only  in  Arkansas, 

^Long,  W.  H.     Op.  clt.,  p.  395-396. 
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but  also  in  Arizona  and  New  Mexico,  where  the  same  conditions  as 
to  the  rotting  of  the  limbs  in  the  center  of  the  piles  were  f  omid  to 
exist.* 

It  is  very  evident  that  certain  groups  of  fungi  capable  of  rotting 
the  small  twigs  and  branches  of  trees  which  have  died  in  the  forest 
or  of  trees  which  have  been  felled  are  not  capable  of  thriving  under 
the  conditions  found  in  the  center  of  large  arid  compact  brush  piles. 
This  is  further  accentuated  by  the  fact  that  the  bottoms  of  the  brush 
piles  in  Arkansas,  when  rotted  at  all,  are  not  rotted  by  these  fungi, 
but  are  attacked  by  other  fimgi,  such  as  Fomes  annosus^  which  are 
known  to  live  in  more  or  less  shaded  and  underground  habitats. 

What  the  factors  are  that  dominate  the  growth  and  activity  of 
these  various  groups  of  fungi  is  not  known.  For  instance,  why 
is  it  that  usually  Stereum  rameale  and  S.  hirsutum  rarely  attack 
limbs  above  1  inch  in  diameter,  while  S.  umhrinv/m  and  S.  verai- 
farme  are  rarely  found  in  limbs  larger  than  2  or  3  inches  in  diameter! 
Why  do  not  these  fungi  usually  attack  logs  and  large  branches?  Is 
the  moisture  content  too  high  or  the  temperature  too  low  ?  On  the 
other  hand,  Stereum  faaciatwm^  the  common  fungus  rotting  the  cull 
logs  and  boles  of  the  oak  slash,  usually  does  not  attack  the  twigs  and 
small  branches.  Of  course,  the  explanation  for  this  fungus  might 
be  that  the  twigs  and  small  branches  have  not  a  sufficient  amount  of 
moisture,  but  such  an  explanation  could  not  be  offered  for  the  failure 
of  Stereitm  rameale^  S.  versiformej  and  S.  v/mbrinum  to  attack  the 
large  branches  and  trunks. 

It  would  seem  that  but  little  is  known  concerning  the  real  factors 
controlling  fungous  activity  in  wood.  It  is  evident,  however,  that 
certain  groups  of  f imgi  are  capable  of  rotting  the  wood  as  it  is  nor- 
mally found  in  nature;  that  is,  when  a  tree  dies,  is  killed  by  light- 
ning, or  is  wind  thrown.  These  are  conditions  which  have  been  oc- 
curring in  nature  through  centuries,  and  certain  fimgi  have  adapted 
themselves  to  such  conditions.  The  same  could  be  said  of  limbs  and 
logs  which  are  in  contact  with  the  soil,  or  even  buried  in  the  soil, 
since  such  conditions  are  normal  and  found  generally  in  nature. 

Apparently  there  are  no  fungi  capable  of  vigorous  growth  under 
the  artificial  environments  found  in  the  center  of  large  brush  piles, 
where  the  conditions  do  not  approximate  those  existing  either  when 
the  brush  is  in  contact  with  the  soil  or  when  it  is  exposed  to  the 
sunlight 

GENERAL  DISCUSSION. 

Several  factors,  such  as  fire,  reproduction,  and  the  rotting  of  the 
brush,  are  so  intimately  associated  that  it  is  impossible  to  discuss 
any  one  phase  of  brush  disposal  without  noting,  at  least  briefly,  the 

1  Long.  W.  H.     Op.  dt.  p.  389-390. 
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possible  influence  of  these  other  factors.  It  is  obviously  imposBabk 
to  arrive  at  any  legitimate  conclusion  concerning  the  best  method 
of  brush  disposal  by  limiting  the  discussion  to  the  pathological  side 
of  the  question  as  seen  in  the  rotting  of  the  brush  itself.  The  fire 
hazard,  as  it  seems  to  exist  in  Arkansas,  is  therefore  briefly  discussed 
in  connection  with  brush  disposal  from  the  pathological  viewpoint 

In  the  Arkansas  National  Forest  about  3  to  5  white-oak  trees  are 
felled  to  the  acre,  and  about  5  to  10  pine  trees  to  the  acre.  In  the 
Ozark  National  Forest  the  proportion  of  white-oak  tre^  felled  is 
somewhat  greater,  running  probably  from  5  to  10  trees  to  the  aoie. 
while  there  is  but  very  little  pine  cut  on  this  forest.  This  metos 
that  on  any  area  in  either  of  these  two  National  Forests  where  timber 
is  being  cut,  especially  white  oak,  a  much  greater  percentage  of 
standing  trees  of  all  sizes,  including  those  below  the  merchantabk 
diameter  limit,  is  left  than  is  cut.  This  standing  timber  will  add  its 
annual  quota  of  fallen  leaves  to  the  ground  cover,  irrespective  of 
what  method  of  brush  disposal  is  followed.  The  amount  of  litter  in 
the  shape  of  slash,  on  accoimt  of  the  small  number  of  trees  cut  per 
acre,  in  many  cases  will  not  make  fires  more  likely  to  start  or  prevoit 
their  control,  since  there  will  always  be  a  suflScient  quantity  of  leaf 
litter  and  underbrush  present  to  make  a  good  ground  fire,  even  if 
there  be  no  slash  on  the  ground.  If  the  deciduous  trees  are  cut  witii 
the  leaves  on  them  the  amount  of  leaf  litter  will  not  be  increased, 
since  these  leaves  would  fall  to  the  ground  in  the  autimm  even  if  the 
trees  were  not  cut ;  in  fact,  there  would  really  be  less  leaf  litter  on 
the  ground,  because  the  leaves  persist  oa  the  felled  tree  tops  and 
branches  from  one  to  three  years. 

There  is  also  this  fact  to  be  borne  in  mind,  that  oak  trees  cut  from 
November  to  March,  inclusive,  are  leafless  or  practically  so,  and  the 
brush  from  them  will  not  materially  increase  the  fire  hazard  unless 
it  is  piled. 

In  1912  and  1913  the  writer  visited  areas  in  the  Ozark  National 
Forest  which  were  then  being  logged.  In  the  studies  made  in  1915, 
only  two  to  three  years  later,  many  of  these  areas  had  been  burned 
over.  It  can  probably  be  said  truthfully  that  the  greater  portion  of 
the  Ozark  National  Forest,  except  about  100,000  acres  in  the  middle 
of  the  central  division,  will  be  burned  over  at  least  once  within  a 
period  of  five  years,  and  often  within  a  much  shorter  intervaL  It 
seems,  therefore,  that  whatever  system  of  brush  disposal  is  followed 
in  this  forest  should  take  into  consideration  the  certainty  of  fire  as 
well  as  the  rotting  of  the  brush. 

In  the  Arkansas  National  Forest  many  areas  are  not  burned  ovh* 
more  than  once  in  every  20  years.  Under  such  conditions  the  rot- 
ting of  the  brush  is  the  main  factor  to  be  considered. 
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No  areas  were  seen  on  which  brush  had  been  cut  and  scattered 
where  there  had  been  fire.  What  eflfect,  therefore,  a  fire  would  have 
on  such  areas  as  compared  with  those  on  which  brush  had  been  piled 
or  pulled  can  not  be  stated  from  actual  observation.  However,  areas 
were  seen  on  which  there  had  been  fires  where  brush  had  either  been 
pulled  or  piled.  Many  trees  whose  tops  had  been  left  with  the  limbs 
unlopped  were  seen  with  the  needles  or  leaves  burned  from  only 
the  lower  half  of  the  tops.  This  leaving  unbumed  the  leaves  and 
needles  in  the  upper  half  of  the  felled  tree  tops  seemed  to  indicate 
that  fires  in  the  forests  of  Arkansas  in  pulled  brush  do  but  little, 
if  any,  more  damage  than  the  regular  ground  fire  which  is  fed  by  the 
normal  annual  leaf  debris  and  underbrush.  Many  areas  on  which  the 
brush  had  been  piled  were  seen  where  forest  fires  had  killed  a  large 
portion  of  the  young  reproduction  up  to  4  inches  in  diameter. 

Brush  when  lopped  and  piled  rots  much  more  slowly  than  under 
either  of  the  other  methods  of  disposal.  Such  piles  may  be  expected 
to  persist  from  three  to  six  years  longer  than  the  same  brush  when 
pulled  or  scattered,  depending  upon  the  size  and  compactness  of  the 
piles.  This  would  eliminate  the  large  brush  piles  from  consideration 
in  disposing  of  the  slash  on  these  areas. 

The  best  method  of  brush  disposal  over  such  areas  would  be  that 
which  is  the  least  expensive,  which  reduces  to  a  minimum  the  damage 
to  the  forest  when  fires  occur,  and  which  leaves  the  slash  in  such 
condition  that  it  will  rot  most  rapidly.  It  is  very  evident  in  view  of 
these  three  things  that  the  lopping  and  piling  of  the  brush  is  the 
poorest  method  to  follow,  since  not  only  is  it  the  most  expensive,  but 
brush  when  piled  rots  the  slowest  and  the  reproduction  on  such  areas 
is  apparently  damaged  most  by  forest  fires,  judging  from  the  burned 
areas  seen.  This  would  leave  the  choice  between  scattering  and 
pulling. 

Pulling,  as  practiced  in  coniferous  timber,  would  not  be  practicable 
in  certain  types  of  hardwood  sales,  such  as  stave  sales,  since  the  oak 
tops  are  usually  too  heavy  to  be  moved  as  a  whole  by  the  methods  of 
logging  in  use  on  such  areas.  However,  when  tree  tops  fall  near 
reproduction  or  near  trees  to  be  left,  it  is  immaterial  whether  the 
top  is  pulled  away  by  a  team  or  by  hand  or  whether  the  objectionable 
sections  of  the  top  are  sawed  out  and  rolled  away. 

Brush  when  pulled  or  left  in  the  tops  rots  with  nearly  the  same 
rapidity  as  when  lopped  and  scattered.  The  difference  in  time  be- 
tween the  rotting  of  the  pulled  and  of  the  scattered  brush  is  appar- 
ently about  one  year  in  favor  of  the  scattered  brush.  Whether  a 
possible  maximum  gain  of  one  year  in  the  time  of  rotting  between 
the  brush  that  is  pulled  and  that  which  is  scattered  is  sufficient  to 
offset  the  difference  in  cost  between  these  two  methods  must,  of 
course,  be  considered. 
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SUMMARY. 

(1)  When  the  brush  is  lopped  and  scattered  it  rots  more  rapidly 
than  when  either  piled  or  pulled.  This  is  due  to  the  fact  that  two 
types  of  fungi  rot  the  brush,  one  entering  the  limbs  and  branches 
not  in  direct  contact  with  the  ground  and  the  other  entering  those 
portions  of  the  brush  in  actual  contact  with  the  soil. 

(2)  The  maximum  gain  in  the  rapidity  of  the  rotting  of  the  brush 
when  scattered  over  the  same  brush  when  left  unlopped  in  the  tree 
tops  is  about  one  year.  On  dry  areas,  such  as  steep  hillsides  with 
southern  and  western  exposures,  there  is  practically  no  difference  in 
the  rate  of  rotting  of  the  brush  when  scattered  and  when  the  tree 
tops  are  left  unlopped. 

(3)  Brush  when  lopped  and  piled  will  apparently  take  from  three 
to  six  years  longer  to  rot  than  when  scattered  or  when  left  unlopped. 

(4)  Brush  when  piled  is  rotted  at  the  top  by  one  group  of  fungi 
and  at  the  bottom  by  another  group,  while  the  middle  of  the  pile,  not 
in  contact  with  the  soil  and  yet  protected  from  the  sunlight,  ap- 
parently will  not  rot  to  any  extent  until  the  pile  disintegrates  suffi- 
ciently to  expose  these  central  layers  to  the  soil  moisture  on  the  one 
hand  or  to  the  sunlight  on  the  other. 

(5)  The  same  general  facts  as  to  the  rotting  of  the  slash  hold  for 
all  species  of  timber  (pine,  oak,  etc.)  examined  in  Arkansas. 

(6)  Four  fungi  are  the  main  agents  in  the  rotting  of  oak  slash  in 
Arkansas,  viz,  Stereum  rameale^  S,  umhrinum^  S.  versifonne^  and 
S,  fasciatum, 

(7)  Two  main  fungi  rot  the  shortleaf-pine  slash,  viz,  PolysHctu$ 
abietimis  and  Lenzites  sepiaria, 

(8)  No  definite  conclusions  could  be  reached  concerning  the  prin- 
cipal fungi  which  rot  the  bottom  of  the  piles,  since  but  few  sporo- 
phores  of  such  fungi  were  found. 

(9)  None  of  the  main  fungi  concerned  in  rotting  either  the  oak 
or  the  pine  slash  in  Arkansas  produce  heart  rots  in  living  trees. 
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INTRODUCTION. 

Western  yellow  pine,  Pinus  ponderoaa^  is  distributed  over  the 
greater  part  of  the  western  United  States,  but  reaches  it  best  devel- 
opment in  California.  A  variety  of  the  species,  known  as  scopulorum,^ 
occurs  in  the  Rocky  Mountains.  It  is  a  smaller  tree  but  has  the 
same  botanical  structure.  Western  yellow  pine  is  long  lived,  attain- 
ing an  age  of  from  350  to  500  years.  The  wood  is  camparatively 
weak,  light,  soft,  and  fine-grained.  The  heartwobd  is  reddish-yellow, 
and  the  sapwood  almost  white.  In  some  regions  the  wood  is  quite 
resinous;  in  others  it  is  so  free  from  resin  that  it  is  marketed  as 
"^hite  pine." 

The  tests  described  in  the  following  pages  were  made  for  the  pur- 
pose of  gaining  a  definite  knowledge  of  the  mechanical  properties  of 
the  wood.  They  began  early  in  1912,  at  the  Seattle  laboratory  of 
the  Forest  Service,  U.  S.  Department  of  Agriculture,  and  have  been 
carried  on  in  cooperation  with  the  University  of  Washington.  The 
Western  Pine  Manufacturers'  Association  contributed  the  test  mate- 
rial. The  tests  were  similar  to  those  made  by  the  Forest  Service  on 
Douglas  fir,  western  hemlock,  western  larch,  and  various  other  species, 
so  that  a  direct  comparison  of  mechanical  properties  can  be  made. 

67075*'--Bull.  497—17 
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MATERIAL  TESTED. 

The  logs  from  which  the  test  material  was  taken  were  cut  near 
Springdale,  Stevens  County,  Wash.,  during  September,  1911,  and 
sawed  into  car  sills  and  joists  at  a  mill  at  Spokane,  Wash.,  during  the 
same  month.  Representatives  of  the  Forest  Service  selected  the  sills 
and  joists ;  and,  upon  the  arrival  of  the  selected  timbers  at  the  Seattle 
laboratory,  an  inspector  of  the  Pacific  Coast  Lumber  Manufacturers' 
Association  graded  the  sills  in  accordance  with  the  association's  ex- 
port rules  for  1911. 

The  material  tested  was  of  two  classes : 

(1)  Car  siUs  and  joists  representative  of  the  various  commercial 
grades  found  on  the  market.  The  car  sills  were  5  by  8  inches  by  16 
feet ;  and  the  joists,  2  by  10  inches  by  16  feet. 

(2)  Small,  clear  pieces  cut  from  the  uninjured  portions  of  tiie 
tested  beams.  Tests  on  these  were  made  to  determine  the  relative 
strength  of  wood  free  from  knots  and  other  natural  defects,  as  com- 
pared to  that  of  the  various  grades  of  market  material. 

METHODS  OF  TEST.^ 

BENDING. 

Two  methods  of  applying  the  load  were  used  in  these  tests :  "  Third- 
point"  loading  was  used  for  testing  the  large  beams  and  center- 
loading  for  the  small,  clear  sticks.  In  the  "  third-point ''  method  the 
load  is  applied  at  two  points,  each  one- third  the  length  of  the  span 
from  the  end  supports.  This  method  of  loading  represents  as  nearly 
as  practicable  the  conditions  to  which  the  beam  will  be  subjected  in 
structural  use.  Plate  I  shows  the  method  of  loading  and  of  pre- 
venting buckling  in  the  joist  tests. 

COMPRESSION  PARALLEL  TO  THE  GRAIN. 

In  the  tests  in  compression  parallel  to  the  grain  the  load  was  ap- 
plied to  the  upright  specimens.  The  specimens  were  of  two  sizes, 
5  by  5  by  24  inch  sticks  taken  from  the  car  sills  and  2  by  2  by  8  indi 
sticks  taken  from  both  car  sills  and  joists. 

COMPRESSION  AT  RIGHT  ANGLES  TO  THE  GRAIN. 

The  tests  in  compression  at  right  angles  to  the  grain  consisted  in 
applying  the  load  to  an  iron  plate  4  inches  in  width  and  extending 
across  the  upper  side  of  5  by  8  by  20  inch  specimens  lying  horizontal 
on  the  platform  of  the  machine. 

MOISTURE  DETERMINATIONS. 

From  each  test  piece  a  moisture  disk  1  inch  in  thickness  was  cut 
and  dried  to  a  constant  weight  at  100°  C.    The  moisture  disks  taken 

*  The  methods  of  making  the  various  tests  on  western  yellow  pine  and  the  deflnitloos  rf 
the  different  strength  factors  referred  to  are  fully  discussed  in  Forest  Service  Circular  S8. 
"  Instructions  to  Engineers  in  Timber  Tests." 
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from  the  large  beams  were  cut  into  a  number  of  sections,  in  order  to 
determine  the  distribution  of  the  moisture  in  the  timber.'  The  pro- 
portion of  moisture  was  found  by  multiplying  the  difference  between 
the  original  and  dry  weights  by  100  and  dividing  the  result  by  the 
dry  weight  of  the  wood. 

WEIGHT  PER  CUBIC  FOOT  OVEN  DRY. 

The  weight  per  cubic  foot  oven  dry  is  based  on  the  volume  when 
tested  and  the  weight  oven  dry.  It  does  not  represent  the  actual 
weight  of  wood  in  any  condition  of  seasoning,  and  is  used  merely  as 
an  indication  of  the  density  of  the  material  tested. 


Table  1.- 


-Rcsults  of  tests  of  S-inch  hy  8-inch  by  16-foot  car  sills,  western  yellow 
pine,  15-foot  span,  third-point  loading.     Green. 


Grade. 
(Pacific  Coast  Lum- 

Number 

of 

tests. 

Rings 
per 
incli. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber 
stress  at 

elastic 
limit  per 

square 

inch. 

Modulus 

of 
rupture 

per 
square 
inch. 

Modulus 

of 
elasticity 

ber  Manufacturers 
Association   Rules 
for  1911.) 

As 
tested. 

Oven 
dry. 

per 
square 
inch. 

Select: 

Average 

11 
26 

18.0 
21.5 
14.2 

15.3 

21.0 

9.7 

14.4 
17.5 
10.7 

15.6 

21.5 

9.7 

Per  cent. 
60.7 
62.0 
33.5 

37.1 
56.9 
26.2 

34.4 
54.3 
26.9 

39.3 
62.0 
26.2 

Pounds. 
38.0 
43.8 
33.3 

36.1 
43.7 
29.3 

33.6 
35.8 
30.2 

35.7 
43.8 
29.3 

Pounds. 
25.2 
28.2 
22.4 

26.4 
32.0 
23.2 

25.1 

26.9 
21.9 

25.7 
32.0 
21.9 
Percent. 
100 
105 
100 

Pounds, 
3,167 
3,850 
2,400 

2,828 
3,740 
2,040 

2,432 
3,110 
1,805 

2,769 

3,850 

1,805 

Per  cent. 

100 

89 

77 

Pounds. 
4,910 
5,840 
4,055 

4,745 
6,750 
3,830 

4,100 
4,935 
3,060 

4,560 

5,840 

3,060 

Percent. 

100 

97 

84 

Thou- 
sands of 
pounds. 
1,455 
1,808 
1,140 

1,224 

1,436 

990 

1,125 

Maximum 

Minimum 

Merchantable: 

Average.. ,,.  .--^  - 

Maximum 

Mlnfmnm 

Common: 

Maximum 

MfliirnnT" 

All  grades: 

A  verage 

1,240 

866 

1,243 

1,806 

866 

Per  cent. 

100 

Maximum 

mniniiim 

fU^lect  nvenure . 

Merchantable.average 
Common,  aversge . .  -  - 

84 

1 

77 

1 

1 

Table  2.- 


-Results  of  tests  of  o-inch  by  8-inch  by  16-foot  car  sills,  western  yellow 
pine,  15-foQt  span,  third-point  loading.    Air  seasoned. 


Grade. 


Number 

of 

tests. 


Rings 
per 
inch. 


Moisture. 


Weight  per  cubic 
foot. 


As 
tested. 


Oven 
dry. 


Fiber 
stress  at 

elastic 
limit  per 

square 

inch. 


Modulus 

of 
rupture 

per 
square 
inch. 


Modulus 

of 

elasticity 

per 

square 

inch. 


Select: 

Average 

Maximum.... 

Minimum 

Merchantable: 

Avwage 

Maximum 

Minimum..  .. 
C<snmon: 

Average 

Maximum.... 

MfT^iTnnm 

AU  grades: 

'Average 

VftyftTn^m 

MlnJniiTTn 


13 


23 


16.6 
21.2 
13.5 

14.8 
21.5 
12.1 

15.1 
19.5 
12.0 

15.2 
21.5 
12.0 


Percent. 
12.7 
13.4 
11.4 

12.6 
14.9 
11.0 

12.5 
12.9 
11.6 

12.6 
14.9 
11.0 


Pounds. 
29.9 
30.7 
28.9 

30.6 
36.3 
26.6 

30.6 
32.8 
25.1 

30.6 
36.3 
25.1 


Select,  average — 
Merchantable,avcrage 
Common,  average. 


Pounds. 
28.5 
27.2 
25.9 

27.2 
32.7 
23.7 

27.2 
29.0 
22.5 

27.2 

32.7 

22.5 

Per  cent. 

100 

103 

103 


Pounds. 
4,020 
5,120 
2,820 

4,136 
5,760 
2,713 

3,552 
4,780 
2,610 

3,976 

5,760 

2,610 

Per  cent. 

100 

103 

88 


Pounds. 
6,260 
7,760 
4,460 

6,395 
9,730 
3,895 

5,546 
7,780 
4,496 

6,119 

9,730 

3,895 

Per  cent. 

100 

102 


Thou- 
sands of 
pounds.  ' 
1,614 
1,720 
1,548 

1,503 
1,909 
1,191 

1,514 
1,988 
1,245 

1,521 

1,988 

1,191 

Per  cent. 

100 

93 

94 
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GENERAL  OBSERVATIONa 

Before  testing  each  specimen  was  weighed  and  measured.  The 
proportions  of  sapwood  and  summerwood  were  also  recorded. 
After  the  test  a  sketch  of  each  specimen  was  made  showing  the 
failures  and  all  natural  defects.  All  large  green  beams  were  photo- 
graphed after  the  test  and  the  air-seasoned  ones  both  before  and 
after  the  test,  the  four  sides  of  the  timbers  being  shown  in  each  case. 
All  strength  values  obtained  from  the  tests  were  calculated  in  pounds 
per  square  inch  and  are  given  in  tabulated  form  along  with  the  other 
test  data. 

STRENGTH  VALUES  SHOWN  BY  THE  TESTS. 

CAR  SILLS. 

Tables  1  and  2  give  the  average  strength  values  of  green  and  air- 
seasoned  car  sills  of  the  commercial  grades.  These  tables  also  in- 
clude a  comparison  of  the  strength  values  of  the  different  grades, 
the  values  of  the  merchantable  and  common  grades  being  expressed 
in  percentages  of  the  values  of  the  select  grade. 

JOISTS. 

The  results  of  the  tests  on  green  and  air-seasoned  joists  are  shown 
in  Table  3.  The  average  values  for  all  grades  have  been  grouped 
together. 


Table  3. — Rianlts  of  tests  of  2-inch  by  lO-inch  by  IG-foot  joists, 
pine,  15-foot  span,  third-point  loading. 

tccstcm  yelloK 

Number 

of 

tests. 

Rings 
per 
inch. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber    !  Moduhis   Hodohs 
stress  at  .       of              of 
elastic    1  rapture  "clastfcity 

As 
tested. 

Oven 
dry. 

limit  per 
square 
inch. 

per 
square 
inch. 

PW 
'g™^ 

Green,  all  grades: 
Average 

46 

1 
1 

33 

1 
1 

17.3 

28.0 

7.5 

16.7 
29.0 
10.5 

Percent. 
35,8 
123.1 
2a2 

13.2 
14.8 
12.2 

Pounds. 
85.7 
55.2 
28.5 

81.6 
37.7 
25.5 

Pounds. 
26.4 
35.6 
21.0 

28.5 
33.2 
22.5 

Pounds. 
2,830 
4,047 
2,147 

4,502 
7,025 
1,8U 

Pounds. 
4,272 
6,105 
l^WO 

6,640 
9,520 
2,320 

mmds^ 
mmmis. 

Maximuin. ...... . 

Minimum 

Air    seasoned,  all 
grades: 
A  verage 

1.706 

m 

1,59S 

Maximum 

Minimum 

2,1«< 

SMALL  CLEAR  PIECES. 

Tables  4  and  6  give  the  results  of  the  bending  tests  on  the  clear 
pieces  taken  from  the  tested  car  sills  and  joists.  The  results  of  t«ts 
in  compression  parallel  to  the  grain,  on  both  large  and  small  speci- 
mens taken  from  the  car  sills,  are  coYitained  in  Table  5.  The  results 
of  tests  on  small  specimens  taken  from  the  joists  are  ^ven  in  Table  7, 
Table  10  contains  the  results  of  a  limited  number  of  tests  in  compres- 
sion at  right  angles  to  the  grain  made  on  clear  pieces  taken  from  tiie 
tested  car  sills. 
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COMPARISON   OF   RESULTS   OF   TESTS   ON   LARGE   AND   SMALL 

PIECES. 

The  ratios  of  the  average  strength  values  in  bending  of  small  clear 
pieces  to  the  average  strength  values  of  the  sills  and  joists  from 
which  they  were  taken  are  shown  in  Tables  8  and  9.  These  tajbles 
indicate  that  the  difference  in  strength  between  large  timbers  and 
small  clear  pieces  is  considerably  smaller  for  the  air-seasoned  than  for 
the  green  material.  In  other  words,  the  increase  in  strength  as  the 
result  of  seasoning  is  less  in  the  structural  sizes  than  in  the  clear 
sticks.  This  is  due  to  the  development  of  defects  in  the  large  timbers 
during  seasoning. 

In  the  tests  in  compression  parallel  to  the  grain,  only  a  slight  differ- 
ence was  shown  between  the  strength  values  of  the  large  pieces  taken 
from  the  sills  and  those  of  the  small  pieces  taken  from  both  the  sills 
and  joists.  This  is  largely  due  to  the  fact  that  all  of  the  specimens 
used  in  these  tests  were  free  from  defects. 


Table  4. — Results  of  bending  tests  of  small  clear  sticks  taken  from  western 
yellow  pine  car  sills,  2-inch  hy  2-inch  lyy  SO-inch  beams,  28'inch  span. 


Number 

of 

tests. 

Rings, 
per 
inch. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber 
stress  at 

elastic 
limit  per 

square 

inch. 

Modulus 

of 
rupture 

per 
square 
inch. 

Modulus 

of 
elasUcity 

As 
tested. 

Oven 
dry. 

per 
square 
inch. 

Green: 

Average 

5» 

1 
1 

48 

1 
1 

14.9 

31.0 

7.6 

13.6 

28.0 

7.0 

Percent. 
36.1 
126.1 
24.9 

11.5 
L3.7 
10.2 

Pounds. 
35.5 
56.8 
27.7 

29.6 
39.3 
24.0 

Pounds. 
25.6 
29.4 
21.7 

26.6 
34.6 
21.7 

Pounds. 
3,156 
4,240 
2,120 

6,705 
9,615 
3,762 

Pounds. 
6,831 
7,615 
3,910 

10,661 
14,840 
7,360 

Thou- 
sands of 
pounds. 
1,178 

Maximum. 

Minimum 

Air  seasoned: 

Average 

1,680 
775 

1,442 

1,980 

995 

Maximum 

Minimum 

Table  5.- 


-Rcsults  of  tests  in  compression  parallel  to  grain  on  clear  specimens 
taken  from  western  yellow  pine  car  sills. 


Seasoning  and  size  of  sticks. 


Green,  4lnch  by  4  inch  by  16  inch: 

Average 

Maximum 

Minimum 

Air-saasoned,  5  inch  by  5  inch  by  24  inch: 

Average 

Maximum 

Minimum 

Green,  2  inch  by  2  inch  by  8  inch: 

Average..  .*. 

Maximum 

Minimum 

Air-seasoned,  2  inch  by  2  inch  by  8  inch: 

Average 

Haximnm 

Minimum 


Number 

of 

tests. 


Rings 
per 
inch. 


14.1 
2L0 
8.0 

1L5 
22.0 
8.0 

14.9 

3L0 

7.6 

13.5 

28.0 

7.0 


Moisture 


Percent. 
43.2 
80.9 
27.4 

12.6 
14.4 

n.3 

39.4 
130.4 
24.0 

n.4 

15.7 
10.0 


Weight  per  cubic 
foot. 


As 
tested. 


Pounds. 
85.9 
45.7 
27.4 

29.6 
34.4 
24.8 

34.9 
57.1 
27.4 

29.9 
38.5 
24.2 


Oven 
dry. 


Pounds. 
25.0 
28.8 
2L4 

26.3 
30.5 
22.1 

25.3 
29.5 
20.3 

26.8 
33.3 
21.5 


Crushing 
strength 
at  max- 
imum 
load  per 
square 
inch. 


Pounds. 
2,830 
3,910 
2,195 

5,758 
7,002 
4,460 

2,896 
3,890 
2,240 

6,334 
8,160 
4,770 


uigiTizea  oy 


Google 


6  BULLETIN   497,  U.   S.   DEPARTMENT  OF   AGRICULTUBE. 

RELATION  BETWEEN  STRENGTH  VALUES- 

The  chart  (fig.  1)  showing  the  relation  between  strength  values 
was  made  by  plotting  along  one  vertical  line  the  various  strength 
values  for  each  green  car  sill  and  the  corresponding  air-seasoned  sill. 
The  order  of  succession  of  the  pieces  was  obtained  by  first  plotting 
the  values  for  the  modulus  of  rupture  of  the  green  sills,  beginning 
with  the  maximum  and  descending  in  order.  The  other  values  for 
the  same  beams  were  then  plotted  on  the  same  vertical  lines.  The 
chart  shows  that,  with  one  exception,  the  strengths  of  the  air-dry 
beams  are  in  the  same  order  as  those  of  the  green  beams  to  which 
they  are  matched.  However,  the  air-seasoned  material  shows  a 
greater  range  in  values  tlian  the  green  material.  This  is  due,  in 
part  at  least,  to  the  variable  moisture  content  of  the  air-dry  sills. 
It  will  be  observed  that  the  pairs  of  pieces  having  the  greater 
modulus  of  rupture  in  the  green  condition  showed  the  larger  in- 
crease in  strength  in  air-seasoning.  The  other  strength  properties 
of  the  air-seasoned  material  are  somewhat  more  erratic  than  those 
of  the  green.    Thi's  also  is  partly  due  to  variable  moisture  content 

Table  11  is  a  summai'y  of  the  averages  of  all  the  preceding  tables. 
It  gives,  in  condensed  form,  the  corresponding  values  of  green  and 
air-seasoned  material  of  each  size  tested,  and  also  the  percentage  of 
increase  of  those  values  in  seasoning. 

RELATION     BETWEEN     PHYSICAL     CHARACTERISTICS     AND 
MECHANICAL  PROPERTIES. 

DEFECTS. 

The  natural  defects  found  in  timber  have  an  important  influence 
on  its  strength  values.  In  order  to  secure  a  more  specific  knowledge 
of  this  influence  the  timber  was  graded  before  being  tested. 

Table  6. — Ifcfiulta  of  bending  teftts  of  small  clear  sticks  taken  from  itestem 
yellow  pine  joists,  2'ineh  by  2-inch  by  30-inch  beams,  2S-inch  span. 


Seasoning. 

Number 

of 

tests. 

Rings 
per 
inch. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber 

stress  at 

'  elastic 

limit  per 

square 

inch. 

Moduhis   ModulQS 

of       !       ot 
rupture    elastWty 

As 
tested. 

Oven 
dry. 

per           per 
square       square 
inch.         iBdL 

Green: 

Average 

91 
1 
1 

58 

1 
1 

16.5 
41.0 
6.6 

17.1 
27.0 
8.0 

Percent. 
33. 4 
133.7 
19.0 

11.7 
13.5 
10.6 

Pounds. 
35.8 
58.3 
26.6 

30.9 
38.3 
24.8 

Pounds. 
26.9 
40.8 
21.0 

27.6 
34.2 
23.1 

Pounds. 
3,530 
6,080 
1,910 

6,623 
10,270 
2,890 

Tk/m- 

Pounds,     poumis. 
6,560           1,1« 
8,530            1,763 
3,630               SS3 

11,045            1.6U 
15,960            2,aK 
6670               9tt 

Maximum 

Minimum 

Air  seasoned: 

Average 

Maximum 

Mmimum 
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Table  7. — RenuHff  of  tvMn  in  compression  parallel  to  grain  on  clear  ftpecimenst 
taken  from  ivcstern  yellow  pine  joists. 


Seasoning  and  size  of  sticks. 


Number 

of 

tests. 


Rings 
per 
ineli. 


MoiBture. 


Weight  per  cubic  jcn^uos 
fwt.  stxcn^ 

at  max- 

loAdper 
aqoare 
inch. 


As 
tested. 


Ovea 
dry. 


Green,  2  by  2  by  8  Inches: 

Average 

Maximum 

Mmimum 

Air  seasoned,  2  by  2  by  8  inches: 

A  verage 

Maximum 

Minimum 


16.5 
41.0 
7.0 

16,6 
28.0 
&0 


Percent. 
36.5 
182.7 
20.2 

11.0 
21.7 
6.8 


Pounds. 
35.5 
61.9 
26.2 

3a3 
38.3 
22.8 


Pounds. 

41.4 

17.2 

27.5 
84.4 

20.2 


Pounia. 

3,9»10 

6,&St 
8,50 
4,160 


Table  8. — Ratio  of  aierage  strength  values  in  bending  for  aU  and  separate 
grades  of  ear  sills  to  small  clear  pieces  cut  from  them. 


Seasoning,   size,    and 

Num- 
ber 
of 

tests. 

Rfaigs 
per 
Inch. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber 
Stress  at 

elasUc 
limit  per 

square 

Inch. 

Modulus 
of  rup- 
ture per 
square 
Inch. 

ofebs- 
ticityper 

grade. 

As 
tested. 

Oven 
dry. 

Green: 
Select- 
s''X  8"  X  16'.... 
Per  cent 

6 

18.0 

Percent. 
60.7 

Pounds. 
38.0 

Pounds. 
25.2 

Pound*. 

3,167 

98 

3,229 

100 

2,828 

89 

3,172 

100 

2,432 

79 

3,089 

100 

2,769 

88 

3,156 

-    100 

4,020 

59 

6,791 

100 

4,136 

62 

6,722 

100 

3,552 

54 

6,584 

100 

3,9T6 

59 

6,681 

100 

Pounds. 

4^910 

80 

5,815 
100 

4,100 

72 

5,704 

100 

4,560 

78 

10,200 
100 

6,395 
58 

10,944 
100 

5,546 

52 

10,687 

100 

6,119 

57 

10,751 

100 

sands  of 
pounds. 
1,4S 
114 

2"x2"x30"... 
Percent 

12 

16.5 

38.9 

38.4 

26.9 

i,sa 

lOD 

Merchantable— 
5"x8"xl6'.... 
Per  cent 

11 

15.3 

37.1 

36.1 

26.4 

LS34 

in6 

2"x2"x30".... 
Percent 

22 

is.  6 

36.3 

35.5 

20.0 

1,U6 

Common  - 

6"x8"xl6' 

Percent. . .. 

9 

U.4 

34.6 

33.6 

25.1 

1,125 

99 

2"x2"x30".... 
Per  cent 

18 

14.3 

33.6 

33.3 

24.9 

1.143 
100 

All  grades  - 

5"x8"xl6'.... 
Percent. . .. 

26 

15.6 

39.3 

36.7 

25.7 

l.SO 

106 

2"x2"x30".... 
Percent. .. 

52 

14.9 

36.1 

35.5 

25.6 

S'S 

Air  dry: 
Select 

5"x8"x  10' 

Per  cent . . . 

3 

10.6 

12.7 

29.9 

26.5 

1,614 
112 

2"x2"x30".... 
Per  cent . . . 

6 

14.2 

12.0 

28.5 

25.4 

1,434 

Merchantable: 

5"x8"xl6'.... 
Per  cent 

13 

• 
14.8 

12.6 

30.6 

27.2 

1.508 
UB 

2"x2"x30".... 
Percent 

22 

14.4 

11.6 

30.3 

27.1 

1,474 
100 

Common- 
s''X  8"  X  16'.... 
Per  cent 

7 

15.1 

12.5 

30.6 

27.2 

'•ai 

2"x2"x30".... 
Percent 

14 

,   13.1 

1L2 

29.6 

26.6 

i.4e 

100 

Al  1  grades - 

5"x8"xl6'.... 
Pel*  cent 

23 

15.2 

12.6 

30.6 

27.2 

1,521 
104 

2"x2"x30".... 
Per  cent . . 

42 

13.9 

11.5 

29.9 

26.7 

l,45i 
UB 

1 
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Table  9. — Ratio  of  average  strength  values  in  bending  for  joists  to  small  clear 

pieees  eut  from  them. 


Seasoning  and  sise. 

Num- 
ber 
of 
tests. 

Rings 
per 
inch. 

Moisture. 

Weight  per  cubic 
foot. 

Fiber 
stress  at 

elastic 
limit  per 

square 

inch. 

Modulus 
of  rup- 
ture per 
square 
inch. 

Modulus 
of  elas- 
ticity per 
square 
inch. 

As 
tested. 

Oven 
dry. 

Qreen: 

2"xl0"xl6' 

Per  cent 

46 

17.3 

Percent. 
85.8 

Pounds. 
35.7 

Pounds. 
26.4 

Pounds. 

2,830 

80 

3,530 

100 

4,502 

68 

6,622 

100 

Pounds. 

4,272 

77 

5,560 

100 

6,640 

60 

11,045 

100 

r*ott- 
sandsof 
pounds. 
1,266 
110 

a"x2"x30" 

Percent 

91 

16.^1       '83.4  1          35.8 

26.9 

'  1,149 
100 

AJr  seasoned: 

2"xl0"xl6' 

Percent 

33 

16.7            13.2            31.6 

28.5 

1,595 
99 

2"x2"x30" 

Peroent 

58 

i7.i  1          ii.7,         30.9 

27.6 

1,611 
100 

1            ^      1 

Table  10. — Results  of  tests  in  eompression  perpendieular  to  grain  on  elear  speci- 
mens,  5-ineh  by  8-inch  by  20'inch,  taken  from  western  yellow  pine  car  sills. 


Num- 
ber 
^f 

tests. 


Rings 
per 
inch. 


Moisture. 


Weight  per  cubic 
foot. 


As 

tested. 


Oven 
dry. 


Compres- 
sive 
strength 


at  elastic 

limit  per 

square 

inch. 


Qreem: 

Average... 
Maximum 
Minimum. 

Air  seasoned: 
Average... 
Maximum 
Minimum. 


15.6 
2L6 
9.7 

13.3 
20.0 
8.0 


Percent. 
42.9 
69.8 
26.9 

13.0 
17.4 
11.5 


Pounds. 
36.8 
45.8 
3L2 

30.6 
40.7 
24.1 


Pounds. 
25.6 
28.7 
2L1 

27.0 
34.6 
21.5 


Pounds. 
299 
413 
179 

701 

1,110 

315 
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Table  11. — Average  strength  vuliies  for  green  and  air-seasoned  tcesiem  feOtr 
pine  in  structural  sizes  and  small  pieces  without  defects, 

GREEN  MATERIAL. 


Bending. 


Compression  parallel  to 
grain. 


Compnasfon  perpa&^ 
lar  to  grain. 


II 

^  i 

I? 
i 


& 

li 


If 

o  e 

i 


I 


•OS 

S! 

s 

11 


i 
a 


11 

—  t 

II 


11 


5x8  I  36 
2x10  46 
2  X  2     143 


15. 

17.3 

15.9 


Per 

cent. 
3 
35.8 
34.4 


6     39. 


Lbs. 
26.7 
26.4 
26.4 


Lbs. 
2,769 
2,830 
3,394 


Lbs, 
4,560 
4,272 
5,659 


IJOOC 

Ibis. 

1,243 

1,266 

1,159 


Ineke$. 
4  X  4  X 16 


Per 

cent, 

43.2 


Lbs. 
2,830 


Indke*. 
5x8x20 


Per 


2x2x8 


143 


37.6 


2,7701 


AIR-SEASONED  MATERIAL. 


5x8  I    23 
2x10    33 

2x2     106 


15.2 
16.7 
15.5 


12. «  27.2 
13.^  28.5 
ll.ffl    27, 


3,976  6,119 
4,502^  6,640 
6,66^10,871 


5x5x24 


1,- 

1,505 

1,534  2x2x8 


23 


12.5  5,758 


104     11.2.  6,45; 


5x8x20'    26    13.0'    ^i 


RATIO-AIR^EASONED  TO 

GREEN. 

5x8   .... 

144 

150 

196 

134 

156 
192 

122 

(4x4x16 

and       ... 

201 

5x8x20 

91 

2  X  10 

126 
132 

5x5x24' 

2x2 

2x2x8   

233 

' 

The  results  of  tests  on  green  car  sills  (Table  1)  show  the  weaken- 
ing effect  of  knots  to  be  directly  proportional  to  their  size  and  quan- 
tity, the  lower  grades  of  timber  having  larger  knots  and  a  greater 
number  of  them.  Table  2,  in  which  the  air-seasoned  sills  are  given, 
shows  a  greater  increase  in  strength  through  air  seasoning  in  the 
lower  grades  than  in  the  clear  sills. 

The  material  tested  contained  no  shakes.  The  checking  in  air 
seasoning  was  practically  the  same  as  that  which  usually  occurs  in 
Douglas  fir,  western  hemlock,  and  western  larch. 

Failure  because  of  spiral  grain  was  quite  frequent  in  the  green 
joists.  This  grain  is  very  difficult  to  detect,  the  surface  grain  often 
appearing  straight  and  the  resin  ducts  indistinct  Plate  11  is  «n 
excellent  illustration  of  this. 

Both  the  joists  and  the  car  sills  contained  an  unusual  amount  of 
sapwood,  but  this  in  no  way  altered  the  strength  of  the  material 
under  consideration.  However,  because  of  its  lack  of  durability, 
sapwood  is  undesirable  in  timbers  used  under  conditions  favorable  to 
decay. 
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RATE  OF  GROWTH. 

The  eflFect  of  the  rate  of  growth  on  strength  was  studied  in  small, 
clear  pieces,  for  there  are  so  many  factors  which  influence  the 
strength  of  material  in  structural  sizes  that  it  is  impossible  to  draw 
any  conclusions  regarding  the  effect  of  rate  of  growth  from  the 
results  of  tests  on  such  timbers. 

Figure  2  shows  the  relation  of  the  strength  values  obtained  from 
the  various  tests  to  the  number  of  rings  per  inch.  The  small  number 
at  each  circle  on  the  curve  indicates  the  number  of  tests  used  to 
obtain  that  average.-  It  will  be  observed  that  the  maximum  strength 
values  are  reached  in  pieces  having  a  rate  of  growth  approximately 
20  rings  to  the  inch. 

The  modulus  of  rupture  varies  considerably  with  the  rate  of 
growth,  while  the  remaining  factors  are  influenced  to  a  less  degree. 

The  dry  weight  increases  with  the  number  of  rings  per  inch  imtil 
it  reaches  its  maximum  at  26  rings  per  inch  and  remains  about  con- 
stant thereafter. 

DRY  WEIGHT. 

Without  question,  the  dry  weight  of  wood,  all  other  things  being 
equal,  is  the  best  criterion  of  its  strength.  But  in  order  to  obtain 
reliable  and  definite  results  it  was  deemed  advisable  to  study  the 
effect  of  this  factor  in  small,  clear  pieces  only,  as  in  the  case  of  the 
rate  of  growth.  Figure  3,  in  which  the  results  of  the  tests  are  given, 
shows,  that  the  various  strength  factors  increase  with  the  dry  weight 
of  the  wood,  the  greatest  increase  being  in  the  modulus  of  rupture. 

SEASONING. 

The  results  of  moisture  determinations  made  on  the  car  sills  and 
joists  tested  are  indicated  in  figure  4.  The  green  car  sills  show  an 
average  moisture  content  for  the  entire  section  of  39.2  per  cent;  the 
green  joists,  an  average  moisture  content  of  35.7  per  cent.  In  the 
case  of  both  car  sills  and  joists  the  outer  portion  of  the  green  beams 
showed  a  smaller  moisture  content  than  the  intermediate  portions. 
This  variation  was  doubtless  caused  by  slight  surface  seasoning 
before  testing.  The  air-seasoned  car  sills  showed  an  average  moisture 
content  for  the  whole  section  of  12.6  per  cent  and  the  joists  13.3  per 
cent.  The  moisture  content  within  the  sections  varied  but  slightly, 
increasing  from  the  minimum  in  the  outer  portion  to  the  maximum  in 
the  inner  portion.  The  material  tested  was  all  air  seasoned  under 
cover,  the  car  sills  for  about  16  months  and  the  joists  for  14  months. 

EFFECt  OF  SEASONING  UPON  STRENGTH. 

Seasoning,  as  a  rule,  increases  the  strength  of  wood.  Although 
a  lowering  of  the  moisture  content  is  accompanied  by  an  increase 
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in  strenfi^h  in  any  wood,  the  gain  is  somewhat  greater  for  small,  clear 
pieces  than  for  timbers  in  structural  sizes.  Seasoning  does  not,  as 
a  rule,  cause  any  appreciable  defects  in  small  pieces,  but  in  large 
beams  often  develops  defects  in  the  form  of  checks  which  counter- 
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Fig.  4. — Summary  of  moisture  determinations  made  upon  green  and  seasoned  joists  sod 
car  sills  of  western  yellow  pine. 

balance  the  strength  gained  in  seasoning.  A  comparison  of  the 
strength  values  of  green  and  air-seasoned  car  sills  is  given  in  figure  1. 
The  effect  of  seasoning  upon  the  strength  of  test  material  of  various 
sizes  is  indicated  in  Table  12. 


Digitized  by 


Google 


TESTS  OF  WESTERN  YELLOW  PINE  CAB  SILLS,  ETC.  15 

CONCLUSIONS. 

The  comparatively  small  number  of  experiments  made  on  western 
yellow  pine  limits  the  conclusions  to  be  drawn  regarding  this  species 
to  the  following: 

(a)  The  strength  values  of  structural  timbers  are  influenced  con- 
siderably by  the  defects  found  in  them.  These  values  vary  accord- 
ing to  the  grades  in  the  green  material ;  but  the  increase  in  strength 
from  air  seasoning  is  not  uniform  and  does  not  vary- with  the  grades. 

(&)  Seasoning  greatly  increases  the  strength  of  the  wood,  the  in- 
crease being  greater  and  more  uniform  in  small,  clear  sticks  than 
in  structural  timbers,  owing  to  the  development  of  defects  in  the 
latter.  Lowering  the  moisture  content  of  yellow  pine  causes  it  to 
become  more  brittle. 

(c)  Western  yellow  pine  is  a  lighter  wood  than  the  other  western 
lumber  species,  weighing  approximately  26.9  pounds  per  cubic  foot, 
oven  dry,  in  structural  sizes.  The  dry  weight  of  clear  wood  readily 
suggests  its  strength  or  weakness,  but  this  factor  alone  can  not  be 
depended  upon  to  indicate  comparative  strength  when  structural 
forms  of  various  grades  are  taken  into  consideration,  owing  to  the 
presence  of  defects  which  have  an  important  influence  on  their 
strength. 

.  (d)  The  table  of  comparison  of  the  strengths  of  various  western 
species  (Table  12)  is  based  on  tests  of  small,  clear  specimens.  In 
addition  to  the  results  of  tests  on  western  yellow  pine,  as  previously 
described,  there  are  included  average  values  derived  from  similar 
tests  on  material  from  five  trees  from  each  of  four  other  localities. 
In  comparing  species  from  data  in  this  table  it  is  well  to  base  com- 
parisons on  results  of  tests  of  green  material,  since  diflferences  in 
moisture  content  of  green  material  do  not  produce  differences  in 
strength.  It  must  also  be  remembered  that  the  figures  given  are 
averages  and  that  the  variability  of  timber  is  such  that  individual 
specimens  of  a  species  may  excel  the  average  for  another  species 
which  averages  considerably  higher,  or  they  may  fall  below  the 
average  for  a  species  which  averages  considerably  lower.  When 
values  from  tests  of  air-dry  materials  are  used  for  comparison  careful 
attention  should  be  given  to  the  moisture  content  of  the  material 
compared  (whether  it  is  of  two  or  more  species  or  of  one  species 
from  two  or  more  localities)  and  the  effect  of  differences  of  moisture 
considered.  The  effect  of  moisture  and  the  methods  for  adapting 
strength  values  from  one  moisture  content  to  another  are  gone  into 
in  Forest  Service  Bulletin  70,  "  Effect  of  Moisture  on  the  Strength 
and  Stiffness  of  Wood." 
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INTRODUCTION. 

The  Eastern  Oregon  Dry-Farming  Substation  ^  was  established  at 
Moro,  Oreg.,  in  1909.  The  land  was  purchased  and  the  buildings 
(fig.  1)  erected  with  funds  contributed  by  Sherman  Coimty.  The 
expense  of  maintenance  is  borne  jointly  by  the  Oregon  Agricultural 
Experiment  Station  an4  the  Bureau  of  Plant  Industry. 

A  cooperative  agreement  between  the  Bm-eau  of  Plant  Industry 
and  the  Oregon  Agricultural  Experiment  Station  specifies  that  "The 
objects  of  the  cooperative  investigations  shall  be  (a)  to  improve  the 
cereals  of  the  Pacific  coast  region  by  introducing  or  producing  better 
varieties  than  those  now  grown,  especially  with  regard  to  drought 
resistance,  yield,  quality,  earliness,  etc.;  (6)  to  determine  the  best 
methods  of  cultivation  and  crop  rotation  for  grain  production;  and 
(c)  to  conduct  such  other  experiments  as  may  seem  advisable  for  the 
accomphshment  of  the  greatest  possible  good  to  the  cereal  interests 
of  the  State  of  Oregon.''     Full  credit  is  given  to  the  Oregon  Agri- 

» From  the  establishment  of  the  Moro  substation  until  November,  1911,  Mr.  H.  J.  C.  Umberger  waa 
superintendent.    In  February,  1912,  the  writer  was  appointed  superintendent. 
e7813^— BuU.  498—17 1 
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cultural  Experiment  Station  and  to  Sherman  County  for  their  shin 
in  obtaining  the  cooperative  results  reported  in  this  publication. 

Some  preliminary  work  was  done  in  1910,  but  most  of  the  experi- 
ments were  not  started  until  1911.  The  investigational  work  at 
Moro  comprises  tests  of  methods  of  production  and  improvement  ol 
cereals,  including  crop  rotation  and  tillage.  This  bulletin  deals  only 
with  the  varietal  tests  of  spring-sown  cereals,  including  wheat, 
emmer,  oats,  barley,  and  grain  sorghimis. 

DESCRIPTION  OF  THE  STATION. 

The  Eastern  Oregon  Dry-Farming  Substation  is  located  in  the 
southwestern  part  of  the  Coliunbia  Basin,'  near  Moro,  in  Sherman 
County,  Oreg.  Eastern  Oregon,  as  the  term  is  used  locally,  refers  to 
all  that  portion  of  the  State  east  of  the  Cascade  Mountains.  Shenn^n 
County  lies  along  the  Columbia  River,  the  northern  border  of  the  State. 
It  is  really  about  midway  of  the  State  from  east  to  west.    More  is 


Fio.  1.— General  view  of  the  station  buildings  at  the  Eastern  Oregon  Dry-Farming  Substation, rt  li«^ 

about  15  miles  from  the  Columbia  River,  on  a  branch  line  of  the 
Oregon-Washington  Railroad  &  Navigation  Co.  A  map  of  the  St«t^, 
on  which  the  location  of  the  substation  is  indicated,  is  shown  m 
figure  2. 

The  elevation  of  the  substation  is  approxilnatdy  2,000  feet.  The 
soil  and  climatic  conditions  at  Moro  are  typical  of  a  large  part  of  the 
Columbia  Basin.  It  is  believed,  therefore,  that  the  results  obtuinefl 
at  the  substation  are  applicable  in  a  general  way  to  most  of  the 
Columbia  Basin,  but  especially  to  districts  where  the  prevailing  sou 
type  is  silt  loam  and  where  the  armual  average  precipitation  ranges 
from  9  to  12  inches. 

The  substation  comprises  233  acres,  about  200  of  which  are  tiD- 
able.  Like  most  of  the  Columbia  Basin  lands,  the  surface  is  ^^ 
rolhng,  nearly  every  direction  and  inclination  of  slope  being  repre- 
sented.    On  the  experimental  plats  the  slopes  vary  from  nearly  fe^^^ 

>  For  a  general  description  of  the  Columbia  Basin,  see  Hunter,  Byran,  Fann  practice  in  the  CotaiM" 
Basin  uplands,  U.  S.  Dept.  Agr.,  Fanners'  Bui.  294,  30  p.,  1907. 
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land  to  a  rise  of  11  feet  per  100.     A  contour  map  of  the  substation  is 
shown  in  figure  3. 

For  the  purpose  of  comparing  the  soil  and  climatic  conditions  at 
Moro  with  those  of  other  locaUties,  a  brief  description  is  given  of  the 
soil  and  climate  at  the  substation. 

SOIL. 

The  soil  at  the  substation  is  the  fine  silt  loam  characteristic  of  a 
largo  iX)rtion  of  the  Columbia  Basin.  It  is  classified  by  the  Bureau 
of  Soils  as  Yakima  silt  loam.     It  is  derived  largely  from  the  decom- 
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Fig.  2.— Map  of  Oregon,  showing  contour  lines  cast  of  the  Cascade  Range  and  the  location  of  the  Eastern 
Oregon  Dry-Farming  Substation,  at  Moro. 

position  of  the  basaltic  or  lava  rock  by  which  it  is  underiain.  Unlike 
some  of  the  soils  nearer  the  Columbia  River,  the  percentage  of  sand 
is  not  high  enough  to  cause  trouble  from  soil  shifting  or  blowing. 
The  soil  is  easily  worked  and  requires  little  cultivation  to  put  it- in 
good  tilth,  the  only  implements  really  necessary  for  making  a  good 
seed  bed  being  a  plow  and  a  spike-tooth  harrow.  The  disk  harrow, 
however,  is  frequently  used  prior  to  plowing,  and  a  bar  weeder  for 
surface  cultivation  of  the  simmier  fallow.  According  to  Bradley,^ 
the  general  composition  of  eastern  Oregon  soils,  of  which  the  sub- 
station soil  is  typical,  is  as  shown  in  Table  I. 

»  Bradley,  C.  E.    Soils  of  Oregon.    Greg.  Agr.  Expt.  Sta.  Bui.  112,  48  p.    1912. 
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Table  I. — Composition  of  silt  loam  8oil  in  the  Columbia  Basin. 


Constituents. 

Total. 

Soluble 

in 

1.116  HCl. 

Constituents. 

i 

Total. 

Soluble 

in 

1.115  HCL 

Silica  (SiOj) 

Percent. 

62.85 

1.63 

4.52 

1.94 

.04 

Percent. 

0.34 

.74 

3.05 

1.66 

Iron   and   aluminum   oxids 
!     fFetOiand  AljOi) 

Percent. 

8.47 
.30 
.11 
.37 

Percent, 

Potash  CK»0) 

8.37 

Lirae(CaO) ." 

Phosphoric  acid  (PiO») 

N  itroeen  f  N ) 

.21 

Maimesia  (sSrO^ 

Manganese  oxid  (MnsOi) 

voffi.....:::::::::::::::.: 

From  analyses  of  surface  soil  obtained  from  both  virgin  and  cropped 
areas  Bradley  concludes  that  ''while  the  percentage  of  nitrogen  in 
those  soils  has  remained  practically  constant  under  continual  crop- 
ping for,  in  extreme  cases,  25  years,  there  has  been  a  marked  decrease 
in  the  carbon  or  organic  content/*  Probably  on  account  of  this 
deficiency  in  humus  the  surface  soil  at  the  substation  is  inclined  to 
run  together  or  pack  in  the  spring  from  the  effects  of  winter  precipi- 
tation. 

The  soil  is  remarkably  uniform  in  texture,  absorbs  water  readily, 
and  has  a  high  moisture-holding  capacity.  At  the  substation  the  depth 
of  the  soil  to  the  rock  formation  underneath  varies  from  1  to  9  feet, 
the  deeper  soil  being  on  the  higher  elevations  and  on  the  northward 
slopes.  Where. the  ground  slopes  toward  the  west  or  southwest,  the 
soil  usually  is  shallow  and  therefore  less  suited  to  cereal  production, 
because  of  its  inability  to  store  sufficient  moisture  to  mature  crops. 
Most  of  the  farm  had  been  cropped  to  grain  for  about  25  years  prior 
to  the  establishment  of  the  substation. 

CLIMATIC  CONDITIONS. 

Careful  records  of  climatological  phenomena  have  been  kept  since 
January,  1910,  in  cooperation  with  the  Biophysical  Laboratory  of 
the  Bureau  of  Plant  Industry.  The  weather-observing  equipment 
consists  of  standard  snow  and  rain  gauges,  maximum  and  minimum 
thermometers,  self-recording  thermographs,  an  evaporation  tank, 
an  anemometer,  and  a  psychrometer. 

PRECIPITATION. 

In  no  other  place  in  the  world  is  cereal  production  conducted  on 
such  an  extensive  scale  with  so  httle  precipitation  as  in  the  Colimi- 
bia  Basin.  As  Table  II  shows,  the  lowest  annual  precipitation 
in  the  vicinity  of  Moro  diu'ing  the  past  10  years  has  been  7.68  inches. 
The  precipitation  for  the  years  from  1905  to  1909,  inclusive,  was 
recorded  at  Grass  Valley,  which  is  about  10  miles  south  of  Moro, 
while  that  for  the  years  1910  to  1915,  inclusive,  was  recorded  at  the 
substation.  The  Q^verage  annual  precipitation  for  the  11-year  period 
from  1905  to  1915  is  11.35  inches.  The  highest  annual  precipitation 
since  records  have  been  kept  at  the  substation  is  14.89  inches. 
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Table  II. — Monthly  and  annual  precipitation  at  Grass  Valley  and  Moro,  Greg.,  shauriJi^ 
the  average^  maxiniumj  and  minimum  for  each  month,  from  1905  to  1915,  inclusive. 

[Precipitation  data  (in  inches):  Pre\ious  to  December,  1909,  from  the  Oregon-Washington  Eaibx»d  k 
Navigatioa  Co.,  Grass  Valley,  Greg.;  since  Docombor,  1909,  from  the  substation  records.    T=ira«;.J 


Year. 

Jan. 

Feb. 

Mar. 

A.. 

May. 

Jmie. 
1.30 

July. 

Aug. 

Sept. 

Oct. 

Nov.    I>ec.\,^^ 

190.'> 

....    0.70 

0.20 

0.05 

0.03 

1.70 

0.36 

T 

0.75 

1.36 

0.85     1.35  1    vn 

lyoti 

....    l.(X) 

..H5 

1.05 

.10 

1.05 

1.85 

T 

.34 

.35 

T 

2.59 

2.22 

12  « 

1907 

....    2.0.5 

.48 

l.(i0 

1.06 

.90 

.89 

.30 

.71 

.50 

.20 

1.46 

2.68 

U.43 

190S 

,      .oo 

.02 

.08 

.11 

1.41 

.37 

.22 

.34 

.12 

1.11 

1.12 

1.63 

7.<W 

1909 

....    2.50 

1.03 

.08 

.10 

.49 

.99 

.10 

.02 

.45 

.87 

3.34 

1.14 

11.77 

1910 

....'     .95 

1.47 

.03 

.06 

1.25 

.89 

T 

.00 

.20 

.70 

2.76 

.S8    ia.» 

1911 

....    MS 

.40 

.25 

.35 

1.05 

.64 

.00 

T 

4.03 

.33 

.30 

.61       9.30 

1912 

3.58 

1.30 

.09 

.78 

1.33 

.42 

.02 

.74 

.21 

.78 

1.30 

2.12  ;  13-a 

1913 

....   l.:« 

.23 

.70 

.58 

2.27 

1.39 

.06 

.06 

.49 

1.87 

1.45 

1.69 

12.17 

1914 

. ...  1  2.  20 

1.10 

.11 

2.Wi 

.76 

.66 

.08 

T 

1.05 

1.48 

.88 

.*« 

11.^ 

1915 

....    1.75 
l.C.H 

2.31 

1.27 

.05 

2.06 

.36 

.57 

.06 

1.14 

.23 

2.89 

1.61 

14.50 

Averape 

.87 

.70 

.59 

1.30 

.89 

.16 

.20 

.84 

.81 

1.72 

1.53 

11.  J5 

Maximum 

3.5.S 

2.31 

1.05 

2.00 

2.27 

1.85 

.57 

.74 

4.03 

L87 

3.34 

2.5<H     14.!S6 

Minimum 

....1    .55 

.02 

.05 

.03 

.40 

.37 

.00 

.00 

.12 

T 

.30 

.61       7.b8 

The  distribution  of  the  precipitation  usually  is  favorable  for  grow- 
ing cereals,  nearly  all  of  the  rain  falUng  during  the  months  from 


Fig.  4.— Experimental  plats  at  the  Moro  substation  in  the  spring  of  1916,  showing  the  ron-off  dorl&f  (be 
melting  of  a  heavy  covering  of  snow. 

September  to  June.  July  and  August  are  practically  rainless.  In 
some  years  there  is  considerable  run-off  in  the  winter  or  earh''  spring 
(fig.  4).  Soil  samples  taken  to  a  depth  of  6  feet  on  20  plats  in  May, 
1913,  had  an  average  of  only  1  per  cent  more  moisture  than  samples 
taken  on  the  same  plats  in  November,  1912,  though  the  precipitation 
during  the  interval  measured  5.5  inches.  From  September  1,  1914, 
to  February  28,  1915,  the  precipitation  was  8.35  inches,  but  this 
penetrated  stubble  ground  to  a  depth  of  less  than  2  feet.     The  rains 
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which  occur  during  the  late  spring,  summer,  and  autumn  months  are 
of  such  a  nature  that  practically  all  of  the  water  is  absorbed  by  the 
soil,  but  much  of  the  winter  precipitation  is  frequently  lost  as  run-off. 
As  13  shown  in  Table  II,  the  wettest  months  are  November,  December, 
and  January.  Much  of  the  precipita- 
tion during  these  months  is  lisually  in 
the  form  of  snow. 

The  1 1-year  average  precipitation  by 
months  is  shown  graphically  in  figure  5. 

The  precipitation  available  for  grow- 
ing cereals  during  any  particular  season 
in  this  section  is  largely  that  which 
falls  from  September  1  to  August  31. 
In  comparing  crop  production  with 
precipitation  data,  therefore,  records 
for  calendar  years  are  not  so  valuable 
as  those  for  crop  years  ending  August 
3 1 .  The  precipitation  which  falls  dur- 
ing the  growing  season  is  also  an  im- 
portant factor  in  influencing  crop  yields. 
The  average  seasonal  precipitation  for 
small  grains  (March  to  July,  inclu- 
sive), as  shown  in  Table  III,  is  3.83 
inches. 

Table  III  gives  precipitation  records 
for  each  of  the  five  crop  years  for  which 
results  are  reported  in  this  bulletin,  1911  to  1916,  inclusive,  and  also 
the  precipitation  for  the  growing  season  in  each  of  those  years. 

Table  111.— Precipitation  at  Moro;  Oreg.,  in  crop  years  (ending  Aug,  SI)  and  in  the 
growing  season  {March  to  Juhj,  inclusive),  for  Jive  years,  1911  to  1915,  inclusive. 


A/^^ 


Fig.  5.— Diagram  showing  the  average 
HKmthly  precipitation  in  inches  at  Moro, 
Grog.,  during  the  11  years  from  1905  to  1915. 


Period. 

Inches. 

Period. 

Inches. 

Aimnal: 

Sept.  1, 1910,  to  Aug.  31, 1911 

8.47 
14.19 
11.08 
12.53 
13.31 

Seasonal: 

Mar.  1  to  July  31, 1911 

2.29 

Sept.  1, 1911,  to  Aug.  31, 1912 

Mar.  1  to  July  31. 1912 

3  24 

Sept.  1, 1912,  to  Aug.  31, 1913 

Mar.  1  to  July  31  1913 

j;  rM 

Sept.  1, 1913,  to  Aug.  31, 1914 

Mar.  1  to  July  31, 1914                                   s  fi7 

Sept.  1, 1914,  to  Aug.  31, 1915 , 

Mar.  1  to  July  31, 1915 ! . 

4.91 

Average 

Average 

11.92 

3.83 

It  will  be  observed  that  the  crop  year  of  1912,  from  the  standpoint 
of  precipitation,  was  the  most  favorable  for  crop  production  of  any 
of  the  five  years  for  which  data  are  here  given.  The  crop  year  of  1911 
was  very  unfavorable,  the  total  precipitation  being  only  8.47  inches, 
of  which  only  2.29  inches  fell  during  the  growing  season.  The 
average  for  the  five  years  ending  August  31  is  0.57  inch  more  than 
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the  11 -year  average,  and  the  average  for  the  growing  season  in  the 
five  years  is  0.13  inch  more  than  the  11-year  average  for  the  same 
months. 

EVAPORATION. 

Records  of  evaporation  from  a  free  water  surface  have  been  kept 
during  the  seven  months,  April  to  October,  inclusive,  in  the  years 
1911  to  1915,  inclusive.  The  method  used  is  the  same  as  at  other 
stations  cooperating  with  the  Biophysical  Laboratory  of  the  Bureau 
of  Plant  Industry.*  The  evaporation  tank  at  Moro  is  2  feet  deep 
and  6  feet  in  diameter.  Table  IV  gives  the  monthly  evaporation, 
April  to  October,  inclusive,  in  the  years  1911  to  1914,  inclusive. 

Table  IV. — Evaporation,  in  inches^  from  a  free  water  twrface  at  Mora,  Oreg.,  in  the 
seven  monthSf  April  to  October,  inclusivej  for  five  years,  1911  to  1915,  inclusive. 


Month. 

19U 

1912 

1913 

1914 

1915 

Average. 

April 

6.92 
6.13 
9.61 
11.57 
9.28 
4.16 
2.34 

4.51 
6.75 
7.75 
7.89 
6.73 
4.50 
2.60 

4.09 
6.24 
7.36 
7.90 
7.82 
4. 82 
3.52 

4.03 
7.43 
8.29 
11.43 
9.64 
4.40 
2.30 

5.13 
5.90 
&45 
9.05 
9.50 
5.30 
2.96 

4-n 

May 

&50 

June 

.S.9 

July 

9.57 

August 

&«1 

September 

4.64 

October 

in 

Total 

49.01 

4a  72 

41.75 

47.41 

46.40 

45.07 

The  liighest  evaporation  occurred  in  1911,  when  the  evaporation 
for  the  seven  months  was  approximately  five  times  greater  than  the 
total  precipitation  for  that  year.  The  lowest  evaporation  was  in 
1912,  when  the  ratio  of  the  evaporation  for  the  seven  months  to  the 
total  precipitation  for  the  year  was  about  3  to  1 .  During  the  6-month 
period  from  April  to  September,  inclusive,  the  average  evapora- 
tion at  the  substation  in  the  years  from  1911  to  1915,  inclusive,  was 
42.34  inches.  This  is  greater  than  the  evaporation  reported  by 
Briggs  and  Belz^  during  a  6-month  period  at  any  station  north 
of  the  fortieth  parallel  of  latitude  (the  northern  boundary  of  Kansas). 

Table  V  shows  the  evaporation  and  precipitation  and  the  winter- 
wheat  yields  at  the  Moro  substation  and  two  other  representative 
dry-farming  stations,  one  in  the  Great  Basin  at  Nephi,  Utah,  at  an 
elevation  of  nearly  6,000  feet,  and  one  in  the  northern  Great  Plains 
at  Moccasin,  Mont.,  at  an  elevation  of  4,300  feet.  The  wheat  yields 
reported  in  Table  V  were  produced  tmder  the  same  method,  alter- 
natuig  wheat  with  summer  fallow,  at  all  the  stations.  Investiga- 
tions similar  to  those  conducted  at  Moro  are  being  carried  on  at 
Nephi  and  at  Moccasin.  The  precipitation  and  evaporation  data  are 
taken  from  the  records  of  the  Biophysical  Laboratory  and  the 
wheat  yields  from  the  records  of  the  Office  of  Cereal  Investigations. 

1  Briggs,  L.  J.,  and  Bclz,  J.  O.    Dry  farming  in  relation  to  rainfall  and  evi^MvatioiL    U.  S.  I)ei>t»  A^., 
Bur.  Plant  Indus.  Bui.  18S,  p.  16-20.    1910. 
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Data  are  available  for  the  years  1909  to  1915  at  Moccasin,  for  the 
years  1908  to  1915  at  Nephi,  and  for  the  years  1911  to  1915  at  Moro. 

Table  V. — PreeipUatum  and  evaporation  data  and  yields  of  winter  and  spring  wheat 
at  Moccasin,  Mont.^  Nephi,  Utah,  and  Moro,  Greg.,  in  the  years  indicated. 


Character  of  data. 


AveragD  precipitaUon: 

Annual inches. . 

Seasonal  (April  to  August,  inclusive; do — 

Average  evaporation:- 

SeasonalC  April  to  August,  inclusive) do — 

Ratio  of  annual  precipitation  to  seasonal  evaporation 

Ratio  of  saasonal  precipitation  to  seasonal  evaporation 

Average  yipid  of  D.^t  winter  wheat bushels. . 

Average  yield  of  best  spring  wheat do 


27.96 
1:1.68 

35.7 
27.6 


a  Average  yield  of  10  plats  of  Turkey  wheat  in  tillage  experiments. 

The  average  annual  precipitation  and  the  average  seasonal  pre- 
cipitation are  greater  at  Moccasin  and  at  Nephi  than  at  Moro.  The 
average  evaporation  from  April  to  August,  inclusive,  is  1.01  inches 
greater  at  Nephi  and  9.74  inches  less  at  Moccasin  than  at  Moro. 
The  ratio  of  annual  precipitation  to  seasonal  evaporation  is  slightly 
greater  at  Moro  than  at  Nephi,  but  there  is  a  wide  diflFerence  between 
the  ratios  of  seasonal  precipitation  and  seas(mal  evaporation  at  Moro 
and  the  other  two  stations. 


TEMPERATURE. 


Table  VI  gives  the  highest,  lowest,  and  mean  temperatures  for 
each  month  of  the  years  1911  to  1915,  inclusive,  and  abo  the  average 
of  the  means,  the  average  of  the  maxima,  and  the  average  of  the 
minima  by  months  for  the  5-year  period. 

Table  VI. — J/ean,  maximumy  and  minimum  temperatures  at  Moro,  Greg.,  by  months, 
for  Jive  years,  1911  to  1915,  inclusive. 


Year. 

Jan. 

Feb. 

30.6 

3(k8 
28.8 
83.3 
36.0 

Mar. 

43.5 
37.9 
88.2 
43.8 
45. 0 

Apr. 

46.2 
45.7 
46.6 
47.6 
60.8 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean: 

1911 

30.3 
29.3 
29.5 
36.5 
29.0 

51.0 
54.6 
&I.6 
56.2 
53.0 

60.6 
61.4 
60.4 
50.5 
60.0 

70.0 
66.0 
67.9 
70.5 
64.8 

66.0 
62.5 
68.0 
69.1 
71.3 

54.8 
65.0 
67.6 
65.5 
67.3 

46.9 
44.9 
47.3 
49.5 
60.6 

88.0 
40.7 
40.7 
38.1 
38.2 

84.0 

1912 

33.0 

1913 

28.0 

1914 

22.8 

1915 

32.8 

Average... 

30.5 

33.1       41.7 

46.6 

53.9 

59.6 

67.8 

67.4 

56.0 

47.8 

39.1 

28  6 

1911 

55 
51 
53 
51 
41 

46 
52 
58 
38 
52 

77 
65 
57 
69 
70 

74 

68 
75 
72 
75 

86 
86 
83 
88 
78 

89 
96 
89 
91 
93 

103 
98 

101 
99 
96 

89 
97 
99 
100 
100 

87 
85 
88 
83 
86 

75 
69 
74 
69 
73 

61 
61 
57 
69 
54 

53 

1912 

54 

1913 

47 

1914 

46 

1915 

53 

Average... 

50.2 

49. 2  1     67. 6 

72.8 

H4.2 

91.6 

99.4 

97.0 

85.8 

72.0 

58.4 

50.6 

Minimum: 

1911 

5 

-6 

5 

28 
10 

9 
26 

7 

28 
23 

11 
20 
9 
27 

22 

28 
28 
29 
32 

30 
33 
36 
32 
34 

32 
37 
37 
34 
40 

44 
43 
41 
42 
40 

42 
38 
41 
43 

46 

34 
31 
33 
29 
36 

32 
25 
28 
32 
33 

4 
23 
29 
19 
25 

5 

1912 

19 

1913 

10 

1914 

-3 

1915 

11 

Average... 

8.4 

-Bull 

18.6  1    19.4 

.  498—17 — 

27.8 

-2 

33.0 

36.0 

42.0 

42.0 

32.6 

30.0 

20.0 

8.2 
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Table  VII  shows  the  dates  of  the  latest  spring  frosts  and  the 
earUest  autumn  frosts,  together  with  the  minimum  temperatare 
recorded  for  those  dates  in  the  years  1911  to  1915,  inclusive.  ItviD 
be  observed  from  this  table  that  diuing  the  five  years  no  frost  occurred 
in  June,  July,  or  August.  None  of  the  frosts  recorded  on  the  dite 
mentioned  in  Table  VII  did  any  damage  to  cereals.  The  longest 
frost-free  period  was  in  1915,  211  days,  and  the  short-est  frost-free 
period  in  1914,  108  dajrs.  The  average  frost-free  period  for  the  five 
years  is  155.8  days. 

Table  VIL — Data  relating  to  killing  frosts  at  the  Moro  substation  in  the  years  1911  ts 

1915,  incliLsive. 


Year. 


Last  in  spiing. 


Date. 


Temper- 
ature. 


First  in  antninxi. 


Date. 


Temper'- 
atore. 


Frat- 
pedad. 


1911 

1912 

1913 

1914 

1916 

Average 


Mays... 
Apr.  20.. 
Apr.  27.. 
May  27.. 
Apr.  8... 

May  2... 


Oct.  17.. 
Sept.  3.. 
Oct.  15.. 
Sept.  13. 
Nov.  6.. 

Oct.6... 


S2 
31 
S2 
32 

80 


IS 

EI 


a* 


WIND. 


The  prevailing  winds  at  Moro  are  from  the  west,  southwest,  and 
northeast.  Southwest  or  west  winds  usually  are  accompanied  by 
cool  or  moderately  warm  weather  in  the  simmier  and  mild  weather  e 
winter,  while  east  or  northeast  winds  are  nearly  always  accompanied 
by  high  temperatures  in  summer  and  low  temperatures  in  winter. 
Though  wind  velocities  are  never  exceedingly  high,  the  wind  moT^ 
ment  is  quite  constant  from  about  March  1  to  August  31.  The  num- 
ber of  miles  of  wind  during  any  24-hour  period  rarely  exceeds  350, 
490  miles  being  the  highest  number  recorded  at  the  substation  for 
any  one  day  of  24  hours  during  the  years  1911  to  1915,  inclusive. 

Table  VIII  gives  the  average  wind  velocity  in  miles  per  hour  for 
each  month  of  the  years  1911  to  1915,  inclusive. 

Table  VIII. — Average  wind  velocity  (in  miles  per  hoitr)^  by  months,  at  the  Moro  suhMts- 
tion  in  the  years  1911  to  1915,  inclusive. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

S^t. 

Oct. 

Nov. 

i 

1911 

6.3 
3.7 
2.4 
6.4 
3.2 

6.4 

4.9 
2.8 
6.0 
4.0 

6.3 
6.1 
6.9 
6.6 
4.7 

9.6 
8.4 
7.3 
6.5 
6.7 

9.2 
7.8 
8.3 
7.1 
6.4 

11.8 
6.9 
6.9 
8.8 
8.2 

9.4 
6.6 
6.9 
8.8 
8.1 

9.2 
6.3 
6.3 
7.5 
7.6 

7.2 
2.8 
3.8 
6.0 
7.0 

4.8 
2.0 
&.0 
4.0 

e.1 

8.7 
2.0 
4.0 
4.5 
4.3 

S^si    r: 

1912 

4-1         t* 

1913 

2.7        ^■ 

1914 

2.9  ;     *' 

1915 

slJj     ?-' 

A  VfiTHgft 

4.0 

4.4 

6.7 

7.7 

7.6 

8.3 

7.6 

7.2 

&2 

4.4 

4.5 

4.5        i 

■ 
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Table  VIII  shows  that  June  is  the  windiest  month,  though  there  is 
little  difference  in  the  monthly  averages  for  any  month  from  April  to 
August,  inclusive.  The  highest  average  wind  velocity  for  any  year 
in  the  5-year  period  was  7.5  miles  per  hour,  in  1911.  The  year  1911 
was  also  the  one  with  the  least  precipitation  and  the  greatest  evap- 
oration. 

EXPERIMENTAL  METHODS. 

The  experimental  work  with  cereals  is  conducted  for  the  following 
purposes:  (1)  To  ascertain  what  grain  varieties  are  best  adapted  to 
the  drier  districts  of  the  Colmnbia  Basin,  (2)  to  improve  the  best 
adapted  varieties  by  selective  breeding,  (3)  to  determine  what  crop- 
rotation  systems  will  prove  most  profitable  in  connection  with  grain 
raising,  and  (4)  to  find  out  the  most  economical  and  profitable  methods 
of  soil  tiUage  for  cereal  production  in  this  section. 

The  work  with  spring  grains  during  the  first  few  years  was  along 
two  lines,  the  testing  of  varieties  and  the  improvement  of  varieties 
by  pure-line  selections.  No  work  in  hybridization  has  been  attempted. 
A  large  number  of  pure  Unes  have  been  developed,  some  of  which 
give  promise  of  being  of  considerable  value.  In  this  bulletin  only  the 
results  of  the  varietal  experiments  will  be  given. 

In  the  testing  of  varieties,  field  plats  and  nursery  rows  are  used, 
the  unit  of  comparison  being  a  tenth-acre  or  twentieth-acre  in  the 
plat  experiments  and  1-rod  or  2-rod  replicated  rows  in  the  nursery 
experiments.  Eight-rod  rows  and  eightieth-acre  plats  also  have  been 
used  in  the  niu^ery.  While  a  rather  careful  study  is  made  of  the 
varieties  in  the  nursery  and  in  the  plat  experiments  and  numerous 
notes  taken  on  the  habits  of  the  plants,  the  value  of  a  variety  has  been 
judged  largely  by  its  yield  of  grain. 

DIMENSIONS  OF  PLATS. 

As  shown  in  figure  3,  the  substation  farm  is  laid  out  in  series  of 
tenth-acre  plats  8  rods  long  and  2  rods  wide.  The  series  are  sepa- 
rated by  roads  16i  feet  wide  and  are  divided  into  blocks  of  10  plats 
each  by  roads  of  the  same  width.  Alleys  4^  feet  wide  separate  the 
individual  plats  within  these  blocks. 

When  twentieth-acre  plats  were  used,  each  tenth-acre  plat  was 
divided  in  half  by  an  alley  22  inches  wide.  The  twentieth-acre  plats 
discussed  in  this  bulletin  actually  contain  only  2,062.5  square  feet,  or 
115.5  square  feet  less  than  one-twentieth  of  an  acre.  In  computing 
yields  per  acre,  however,  no  account  has  been  taken  of  this  shortage. 
Acre  yields  computed  from  the  yields  of  small  plats  are  likely  to  be 
slightly  exaggerated  on  accoimt  of  the  increased  proportion  of  margin. 

The  plan  first  adopted  at  the  substation  for  the  varietal  experi- 
ments was  to  grow  a  single  tenth  of  an  acre  of  each  variety,  with 
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every  fifth  plat  sown  uniformly  to  one  variety  and  regarded  as  a 
check.  The  two  methods  described  in  previous  publications  *  have 
been  used  to  determine  relative  or  computed  yields,  but  neither  has 
proved  entirely  satisfactory.  The  variation  in  check-plat  yields  of 
spring  grains  usually  has  not  been  great.  Occasionally,  however, 
wide  variations  occur  in  the  yields  of  check  plats  which  can  not  be 
explained  in  any  satisfactory  manner. 


FiQ.  0.— A  bar  welder,  or  "slicker,"  In  operation  at  the  Eastern  Oregon  Dry-Farming  Substation. 

Beginning  with  lOL'^,  each  variety  of  spring  grain  in  a  varietal  test 
lias  been  sown  in  duplicate  twentieth-acre  plats.  The  plats  in  the 
two  series  are  arranged  as  follows: 


1 
11 

2 

12 

3 
13 

4 
14 

5 
15 

16 

7 
17 

8 
18 

9 
19 

10 
20 

11 

1 

12 
2 

13 
3 

14 

4 

15 
5 

16 
6 

17 

7 

18 
8 

19 
9 

20 
10 

All  yields  in  this  bulletin  are  reported  in  bushels  per  acre,  based  on 
the  actual  yields  of  a  single  tenth-acre  or  the  average  actual  yields  of 
two  twentieth-acre  plats. 

TREATMENT  OF  PLATS. 

The  general  practice  in  growing  cereals  in  the  Columbia  Basin  is  to 
alternate  a  grain  crop  with  bare  fallow,  commonly  called  summer 

» Cardon,  P.  V.  Cereal  investigations  at  the  Nephi  substation.  U.  8.  Dept.  Agr.  Bui.  30,  p.  12,  S3. 
1913.  Clark,  J.  Allen.  Cereal  experiments  at  Dickinson,  N.  Dak.  U.  S.  Dept.  Agr.  Bnl.  33,  p.  11, 13. 
1914. 
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fallow.  This  alternation  has  been  followed  almost  without  excep- 
tion in  the  varietal  experiments  at  the  substation.  The  station 
crops  have  been  produced  by  the  methods  in  general  use  by  the  farm- 
ers in  this  section,  and  the  yields  reported  are  about  those  which 
ordinarily  may  be  expected.  The  land  is  plowed  7  to  8  inches  deep 
in  April,  an  early  spring  disking  usually  being  given  prior  to  plowing. 
Immediately  after  plowing,  the  ground  is  harrowed  once  with  a 
spike-tooth  harrow,  and  another  harrowing  is  given  when  weed 
growth  starts.  Later  in  the  season,  in  order  to  eradicate  weeds,  the 
plats  are  cultivated  with  a  weeder,  locally  known  as  a  bar  weeder. 
If  necessary,  this  implement  is  used  again  later,  the  aim  being  to 
keep  the  fallow  ground  free  from  weeds.     In  order  to  accomplish 


Fig.  7.— Plats  of  the  rotation  experiments  at  the  More  substation,  showing  summer-fallow  land  in  almost 
ideal  eonditian  in  the  foreground  and  small  grains  and  com  in  the  background.  Photographed  in  July, 
1914. 

this  it  sometimes  has  been  necessary  to  cultivate  so  frequently  that 
the  soil  has  been  too  finely  pulverized.  The  soil  at  the  substation, 
if  cultivated  too  much,  may  become  so  compacted  after  the  winter 
snows  and  rains  that  much  of  the  precipitation  of  winter  and  early 
spring  is  lost  as  run-oflf  instead  of  being  absorbed.  Figure  6  shows 
the  bar  weeder  in  operation,  and  figure  7  shows  the  condition  in 
which  the  fallow  is  usually  kept  during  the  siunmer  months. 

Just  prior  to  seeding  spring  grains,  the  groimd  is  double  disked 
and  then  harrowed  once.  Seeding  is  done  with  a  disk  drill,  and  no 
cultivation  is  given  after  seeding. 

The  land  in  the  vicinity  of  the  substation  is  infested  with  several 
weeds  that  have  been  found  difficult  to  control  in  the  experimental 
plats.  The  two  most  troublesome  in  spring  grains  are  the  Russian 
thistle  (Salsola  pestifer)  and  tumbleweed  (Amaranthus  graecizans). 
Where  good. stands  of  grain  are  obtained  the  latter  weed  is  rarely 
found,  but  the  Russian  thistle  sometimes  has  been  troublesome, 
especially  in  early-sown  spring  grain  and  in  grain  with  thin  stands. 
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In  the  experimental  plats  the  weeds  have  been  destroyed  by  hand 
hoeing. 

All  varieties  are  carefully  rogued  to  free  them  from  accidentd 
mixtures.  They  are  cut  with  a  binder,  shocked,  and  then  thrashed 
several  weeks  later  with  a  small  separator  run  by  a  gasoline  engine. 
The  grain  from  each  plat  is  weighed  after  thrashing  and  the  bushel 
weight  determined.  No  straw  weights  have  been  recorded.  The 
rows  and  small  plats  are  thrashed  with  a  small  separator  deigned 
for  that  purpose. 

CEREAL  EXPERIMENTS. 

SPRING  WHEAT. 

From  the  standpoint  of  total  production  in  bushels,  spring  wheat 
is  not  as  important  in  the  Columbia  Basin  as  winter  wheat.    Con- 


FiG.  8.— Varietal  plats  of  spring  grain  at  the  Moro  substation,  showing  summer-fallow  land  fai  tbe  foR- 
ground.    Photographed  July,  1914. 

siderable  spring  wheat  is  grown,  however,  on  account  of  the  fact  that 
dry  weather  frequently  prevails  until  so  late  in  the  autumn  that 
winter  wheat  can  not  be  sown  with  safety.  Winter  wheat  is  better 
adapted  to  the  present  summer-fallow  system  of  grain  production 
in  the  Columbia  Basin,  because  it  permits  a  better  distribution  d 
farm  labor.  Winter  wheat  also  usually  gives  yields  somewhat  higher 
than  those  of  spring  wheat. 

Many  wheat  varieties,  like  Pacific  Bluestem  and  Little  Club,  are 
sown  in  the  Columbia  Basin  in  either  the  autumn  or  spring,  except 
on  the  higher  elevations. 

VARIETAL  EXPERIMENTS. 

Seventy-seven  varieties  of  spring  wheats  have  been  tried  at  thf 
substation.  Some  of  these,  which  did  not  appear  to  be  at  all  adapted 
were  discarded  after  a  2-year  trial.  New  varieties  have  been  added 
*-om  time  to  time,  and  6-year  average  yields  have  been  obtained  for 
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only  seven  varieties.  Table  IX  gives  the  annual  acre  yields  of  all  the 
spring-wheat  varieties  which  have  been  tested.  In  this  table  the 
varieties  are  arranged  in  alphabetical  order,  without  regard  to  the 
I>eriod  during  which  they  were  grown,  their  rank  in  yield,  or  other 
relationships.  Figure  8  shows  a  portion  of  the  plats  in  the  varietal 
experiments  with  spring  grain  in  1914. 

Table  IX. — Spring-wheat  varieties  tested  at  the  Moro  siibstoHan,  blowing  the  yields 
obtained  in  each  year  the  variety  was  grown  during  the  five  years,  1911  to  1915, 
inclusive. 


Variety. 

C.I. 
No. 

Division. 

Origfai. 

.  Yield  per  acre  (bushels).a 

1911 

1912 

1913 

1914 

1916 

Abd-«1-Ea(ler 

2075 

Durum 

Poulard 

(Common 

do 

Tunis.. 

11.1 

16.5 

Alaska 

Southern  Europe. . 

13.6 
c9.i 
23.0 

16.0 

60.4 

Aulieata 

2407-1 

2407-2 

2944 

2681 

2823 

2511-2 

282^1 

2921-1 

2227 

2227-1 

4155 

lfl07 

2824-1 

2397-1 

1732 

2398 

2398-1 

1517 

2873 

2609 

2124-3 

4157 

5025 

17M7 

2U88-4 

2200-1 

2402-1 

2405 

22032 

1440 

1516 

2246 

2126^2 

4066 

2099 
2099-1 

Turkestan 

do 

6  1.5 

6  8.8 
e8.4 
C7.7 

% 

613.8 
6  4.2 
11.2 

6  13.6 
3.8 
14.5 

.1 

7.8 
(0 

C9.4 
C31.2 
cil2.6 
rfll.0 

% 

«18.3 
(0 
12.9 

6  17.8 
&6 
19.0 

6  12.0 

12.8 
C14.2 

Do 

22.9 

20.2 

nM-hfliA 

do 

do 

do 

Durum 

Ckmunon 

Club 

TenerifTe 

Beaeler  Squarehead  — 
Black  PprHfan,. 

Germany 

ArgentiiM^,. 

6  8.9 
l&O 

C15.6 
C12.7 

68.1 
18.8 

24.7 
614.6 

66.6 

Bl^Noir 

Ahy^lpift... 

23.6 

Bluestem.  (See  Pacific 

Bluestem.) 
Bobe 

Australia 

25.4 

Bolft  Blanca 

Mexk» 

<f  16.6 

Cbul      

Common 

do 

aub 

Turkestan 

do 

Do 

«14.0 
18.3 
26.0 

clO.1 
(0 

21.5 
18.0 
26.0 
6  8.1 
612.4 

20.2 

Dale  Gloria 

SSTii:?:::;:::: 

Early  Baart , . 

(Common 

do 

do 

do 

do 

do 

26.6 

Elmuuuit     ...  -  - 

do 

Rumff^ 

6  13.6 

Erivan 

<•  10.2 

Fishhead 

China 

Oftlffftioff .... 

Russia 

^^. ..::::::::::::: 

do 

C8.0 
19.6 
16.6 

2L6 

ii\ 

6  14.6 

Ghirka  Pprlng 

do 

do 

26.1 

Glvndon   (ISiin.    No. 

Heine'Squarebead 

Hunna 

do 

do 

Durum 

aub 

Minnesota 

Germany  X..  ..x.. . 

9.1 

ciai 

cU.9 

12.3 

<i20.0 

<«7.0 

15.5 

8.6 

14.3 

c7.6 

<il5.6 

6  16.7 

.^\ 

J6.2 

22.5 

23.6 

Arabia.. 

HylHldNo.63 

Washington 

20.6 
el3.6 

15.3 
d3.3 

Hybrid  No.  108 

Japaim^ 

do 

Common 

Durum 

(Common 

do 

do 

do.T 

Jnpan 

C6.7 

12.1 

6  11.4 

cll.O 

(0 

C8.2 

<^14.2 

11.0 

Kahla 

Algeria 

(0 

24.0 

C12.6 

13.6 
16.0 

66.7 

25.4 

<<13.8 

6  9.3 
24.2 
16.0 
21.5 

6  8.0 

KAnin 

Persia 

29.4 

Khojend 

do 

'16.8 

Kisfl 

Koola 

do 

Durum 

do 

Arabia 

33.2 

Kubanka 

Russia 

Do 

do 

18.0 

Do.., 

do 

do 

7.0 
e9.6 
13.1 

8.8 

clO.6 

11.3 

8.3 

12.0 

<I10.0 

22.6 

6.6 
C9.8 
15.8 
14.6 

Kurd 

do 

Club 

Arabia 

iS. 

6  4.2 
19.2 

6  14.6 

LitUe  Club  (Wash.  No. 
349). 

Washington 

Algeria 

do 

do 

26.0 

Durum 

do 

Do  

yftn>nanl     

1593    do 

Do 

2235 

do 

do 

Ifarqujb 

4158 
4067 

1584-1 
2086 
2794 
2089 

2089-1 
2793 

3022-1 

Common 

do 

Durum 

...do      

Canada 

22.1 
19.4 
(«) 

22.6 
2a9 
C6.2 

23.1 

Pacfflc  Bluestem 

Australia 

11.7 

.'$, 

£4.8 

9.3 

6ia4 

«8.3 

20.2 

6ia9 

«*9.0 

da6 

18.5 

el8.0 

rfl4.0 

6  18.7 

<*12.7 

623.9 

634.4 

4.6 

<il4.6 

618.7 

12.1 

615.6 

24.0 

Pelissier 

Algeria 

616.6 

Do 

do      

Rebdro 

Common 

Durum. 

do      

Portugal 

Rich!      , 

Algiaria 

Do 

do   

Rletl 

Common 

...do      

Portugal 

2L3 
C12L7 

19.0 
d5.0 

24.9 

RystingFUe 

Minnesota     

Saragoua. 

2228 

Diinim 

Italy 

Sauiniir 

2346-1     Common 

France 

el6.0 
15.5 
15.3 
27.5 

C12L5 

23.0 
20.6 
16.3 
23.0 
d8.0 

2i7 

BffDOf^ 

3036-2 
4074 
2495 
2670 
2247 

2247-1 

do       

Mexico  (?) 

do 

24.7 

Do 

do 

T&]lfnkA 

do 

do 

Turkestan 

C^rmany 

C7.0 
(0 
9.1 

(0 

25.9 

Urtoba 

616.0 

Velvet  Don 

Durum, 

do 

Russia 

Do 

do. 

6i4.'6 

e8.*4 

o  Acre  yields  are  based  on  3rields  from  single  tenth-acre  or  duplicate  twentieth-acre  plats  unless  other- 
wise stated. 
6  Grown  in  rod  rows,  usually  unreplicated.  d  Grown  In  single  fortieth-acre  plats. 

<  Grown  in  2-rod  rows  replicated  2  to  4  times.  «  Gro?m  in  head  rows,  yield  not  recorded. 
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Table  IX. — Spring-wheat  varieties  tested  at  the  Moro  subst4Uion,shotoxng  the  fields  obtained 
in  each  year  the  variety  was  grown  during  the  Jive  yearSf  1911  to  1915,  incliLsive — Contd. 


Variety. 

(M. 

T\»..J_S^_ 

Origin. 

Yield  per  acre  (biishals).-} 

No.               x^*v«xu«. 

1911 

1912 
19.0 

1913 

1914       1915 

Yantagbav 

2404-1 
2096 

2799-2 
2l):« 

2500-1 
2.S45 

2547-2 
25S0 
2B03 

2607-1 

Common 

Durum 

Common 

do 

Durum. 

do 

do 

Common 

do 

DiiniTn 

Russia 

9.6 

7.8 
6  4.8 
6  7.8 

6ia6 

6  9.7 
7.3 
66.6 
68.7 
dS.3 
dll.4 
66.2 
68.8 
(') 
6  4.8 

AS. 

(0 
(0 

21.3 

19.2       25.2 

Yellow  Ghamovka 

do 

Mexico 

16.6 
6  15.6 

Zacatecas 

19.  A 

21.0  ;     2i2 

Unnamed 

C13.3  ' 

d9.Z      6  a.  4 

Do 

Algeria. 

c  12.6 

Do 

do..'. 

Tunis 

C9.3 

12.8 

C9.8 

C14.3 

6  14.3 

6  17.5 

C6.6 

<'9.3 

'•15.4 

-•e-o 

6  19.3 
6  2=i.O 

Do 

17.1 

(0     1-14-6 

Do 

Germany 

Do 

Holland... 

(') 
(O 
(') 

rf7.2  ,    ;n 

Do 

Rumania  . 

<'2. 1  '    dK4 

Do 

2609-1    do..'..'!.... 

2702  t  Commrwi 

do 

Italv 

dS.2    

Do 

Do 

2705 
2796 

do 

do      

Do 

Diinini      

Mexico 

Do 

279S     Poulard 

2941      Diinim 

do 

Texas  (?) 

Do 

6ia3 

6  9.0 
«»12.5 
dl5.2 

«7.3    fl4.9 

Do 

30:i.>-2 
4715 

Club 

Mexico 

Do 

Commnn 

China 

Faiiore. 

Do 

4716    dn 

do 

'ia4    <- 12.0 

1 

a  Acre  yields  are  based  on  yields  from  single  tenth-acre  or  duplicate  twentieth-acre  plats  anktss  other* 
wise  stated. 

6  Grown  in  2-rod  rows  replicated  2  to  4  times.         «*  Grown  hi  rod  rows,  usually  unreplicated. 
<-  Grown  in  single  fortieth-acre  plats.  «  Grown  in  head  rows,  yield  not  reoorded. 

As  the  leading  variety  of  spring  wheat  in  the  Columbia  Basin  is  the 
Pacific  Bluestem,  this  variety  has  always  been  grown  on  check 
plats.  Table  X  presents  a  list  of  the  spring-wheat  varieties  that 
have  been  grown  three  or  more  years,  with  yields  expressed  in  per- 
centages of  the  yield  of  the  Bluestem  variety.  Where  the  varieties 
have  been  tested  on  areas  smaller  than  one-twentieth  of  an  acre,  the 
average  yield  of  the  two  highest  yielding  check  plats  or  rows  of  the 
Pacific  Bluestem  was  used  as  a  basis  of  comparison.  Where  the 
tost  was  on  areas  of  one-twentieth  acre  or  larger,  the  average  yield  of 
all  Bluestem  check  plats  was  used.  In  all  cases  where  the  smaller 
areas  were  used,  the  Bluestem  variety  was  sown  in  every  fifth  plat  or 
row.  It  will  be  noted  that  certain  varieties,  like  Koola,  Kanm, 
Early  Baart,  and  Talimka,  have  given  consistently  higher  yields 
than  the  Pacific  Bluestem  when  grown  in  rows  and  in  plats. 

Tahle  X. —  Yields  of  spring-wheut  varieties  grown  at  the  Moro  wbstation  dttrina  three 
or  more  years ^  e^r pressed  in  pereentages  of  the  average  yield  of  the  Pacific  Bhtesiem 

nirUty  grown  in  check  plats  and  check  rows. 


Variety. 


Aulipata 

Bluestem.    (S<><^  Pacific  lUuestem.) 

BleNoir 

Hobs 

Bo!a  nianca 

Chill 

Dale  Gloria 

Earlv  n;uirt 

Klepliant 

Galgalos 

Do 

Ghirka  Spring 

Gl>'ndon  (Minn.  No.  163) 


C.  I.  No. 

Yields  (percentage  of  the  yield  of  PacJflc 
Bluestem). 

1911 

1912 

1913 

1914 

1915    |Aven«B. 

2407-2 

2511 
2826-1 
2921-1 

30 

0200 

37 
0II6 

119 

93 

alio 

«89 

a99 

94 
129 
a71 
•  67 
aft6 
101 

85 

109 

90 

118 

6157 

103 

87 
134 
»40 

85  '              IS 

106                 112 
C165  ,              137 

2227-1 
415.'> 
1697 

2824-1 

2398 



33' 

124 

76" 

i27 
43 
94 

682 
61 

•  90 

85             Hn 

64 

m .          m 

bS2\               61 
63 

2398-1 
1517 

77* 

654,                <ff 
106                 96 

2873 

80 

63 

n 

a  Grown  in  2-rod  rows  replicated  2  to  4  times. 
6  Grown  in  rod  rows,  usually  unrepiicated. 


c  Grown  In  single  fartletb-«cre  plats. 
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Tablb  X. —  Yields  of  sprin^^wheat  varieties  i/rown  at  the  Moro  substation  during  three 
or  more  years^  expressed  in  percentages  of  the  average  yield  of  the  Pacific  Bluestem 
variety  grown  in  aieck  plats  and  check  rows — (Continued. 


Variety. 

C.  I.  No. 

Yields  (percentage  of  the  yield  of  Pacific 
Bluestem). 

1911 

"  "{ 
also 

"am 
"'a'm 

"a  212 

94 

a  143 

114 

1912 

1913 

1914 

1915 

Average. 

Heine  Squarehead 

2609 

4157 

6025 

2088-4 

2200-1 

2402-1 

2203-2 

1440,1516 

2126-2 

4060 

4158 

4067 

1584-1 

2793 

3022-1 

2346-1 

3036-2 

4074 

2495 

2670 

2247-1 

2404-1 

2799-2 

2033 

2547-2 

2603 

2607 

2941 

4716 

6  146 

76 

42 

a50 

6  114 

C112 

688 

80 

6  73 

108 

111 
106 
a96 

''*i24* 

ass 
133 
84 

""m 

114 
100 

""m 

O90 
a  113 

108 

71 

635 

c72 

121 

6  133 

116 

103 

C50 

91 

108 

100 

c73 

93 

652 

iin 

98 

"'e'db' 

122 

6  168 

134 

75 

c  56 

108 

96 

100 

f64 

104 

96* 

103 

""ios* 

C62 

'"'ios' 

105 
a  74 
c56 

""eZ2 
6  149 
6  120 

123 

Hybrid  No.  63 

84 

Hybrid  No.  108 

68 

Kfthln 

51 

Kanin 

129 

Khojend 

125 

KooC 

136 

KubanicB 

87 

Kurd 

80 

Little  Club  (Wash.  No.  349) 

.  104 

Karquis 

106 

100 
'"ai24" 

"oioi' 

84* 

"71 

0  117 

64 

a  128 

100 
f  77 
6  102 
C133 
«170 
e242 
23 
6  106 
tl33 

an 

94 

6  77 

0  97 

63 

6  104 

ago 

a  122 

100 

Pelissier 

71 

Rieti 

106 

RystingFife .' 

91 

Saumur 

122 

Sooora 

80  <          M 

131 

Do 

Tallmka 

Urtoba 

79 
141 

a89 
C88 
109 
101 

88* 

"a  80* 
^^90 

80 
110 
684 
a98 
93 
100 
«108 

c23 
677 
ell2 

66 
114 
92 

Velvet  Don 

99 

Yantagbay 

97 

Zacatecas.'. 

91 

Unxianied 

91 

Do 

68 

Do 

105 

Do 

48 

Do 

Do 1 

107 
107 

a  Grown  in  2-rod  rows  replicated  2  to  4  times. 
6  Grown  in  single  fortieth-acre  plats. 


-  Grown  in  rod  rows,  usually  unreplicated. 


Table  XI  gives  the  annual  and  average  acre  yields  in  bushels  of  the 
spring-wheat  varieties  that  have  been  grown  in  twentieth-acre  or 
larger  plats  during  three  or  more  years.  The  yields  in  1911  and  1912 
are  for  single  tenth-acre  plats.  Those  in  the  years  from  1913  to  1915, 
inclusive,  are  the  average  yields  of  duplicate  twentieth-acre  plats. 

Table  XI. — Anniuil  and  average  yields  of  spring-wheat  varieties  grown  at  the  Moro 
substation  in  twentieth-acre  or  larger  plats  for  three  or  more  years. 


Variety. 


C.I.Na 


Anlieata 2407-2 

B16Noir 2511-2 

Chul 2227-1 

Early  Baart ,      1697 

Ohlrka  Spring '      1517 

Heine  Squarehead 2609-1 

Kanm 2200-1 


Koola. 

Kubanka 

Little  Hub 

liarquis 

Pacific  Bluestem. 

Sanora 

Tallmka 

Yantagbay 

Zacatecas 


2203-2 

/     1440 

\     1516 

4066 

4158 

4067 

3036-2 
2495 

2401-1 

2799-2 


Yield  per  acre  (bushels). 


1911    i    1912      1913 


1914   !    1915 


3.5 
11.2 
14.5 


11.0 
13.1 

*ii.'7' 


7.5 
12.9 
19.0 


16.2 
22.6 

*26.*2'l 


9.6  I     19.0 


23.0 

22.9 

18.0 

18.3 

a22.3 

21.5 

25.0 

26.0 

19.6 

16.2 

21.6 

22.5 

24.0 

25.4 

26.8 

24.2 

16.0 

21.6 

19.6 

19.2 

22.1 

22.5 

19.4 

20.9 

15.5 

20.5 

27.5 

23.0 

21.3 

19.4 

19.6 

21.0  1 

1 

20.2 
23.6 
20.2 
26.6 
26.1 
23.6 
29.4 
33.2 

18,0  I 

26.0 
23.1 
24.0 
24.7 
25.9 
25.2 
25.2 


Average. 

3-year. 

5.year, 

22.0 

20.0 

14.2 

21.3 

17.6 

25.9 

22.2 

20.7 

22.6 

26.3 

27.7 

18.5 

16.5 

21.6 

20.1 

22.6 

21.4 

19.2 

20.2 

2,5.5 

22.0 

lao 

21.9 

«  Yield  estimated  by  comparison  with  yield  of  Aulieata  in  1914  and  1915. 
67313°— BuU.  498—17 3 
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From  Table  XI  it  is  seen  that  several  varieties  appear  to  be  better 
than  the  Pacific  Bluestem  from  the  standpoint  of  yield.  The  Earij 
Baart  exceeded  that  variety  durihg  the  five  years  by  an  average 
yield  of  3  busKels  per  acre.  The  Koola  variety  exceeded  the  Bluestem 
in  the  3-year  average  yield  by  6.3  bushels  per  acre,  and  for  the  same 
period  the  Kanm  exceeded  the  Bluestem  by  4.9  bushels  per  acre. 

In  Table  XII  the  leading  spring  wheats  grown  at  the  Moro  sub- 
station diuing  1913,  1914,  and  1915  are  arranged  in  several  classes, 
showing  the  average  yield  for  each  variety  and  for  each  cla^. 

Table  XII. — Kernel  characters  and  S-year  average  yields  of  leading  varUHes  oftpfiM 
wheat  grown  at  the  Moro  substation  in  191S,  1914,  and  1915,  arranged  by  claua,  ir^ 
the  average  yield  per  acre  of  each  variety  and  of  each  class. 


Class  and  variety. 

C.  I.  No. 

Character  of  kernels. 

AV«30 

19i 

COMMON  JUn)  CLUB. 

Beardless: 

Pacific  Bluestem 

4067 

1517 

2200-1 

4066 

4158 

303d-2 

Soft,  white... 

E-4 

Ghirka  ..... 

Soft,  red  . 

tc 

Karun 

Hard,  white. 
Soft,  white... 
Medium  hard, 
Soft,  white. . . 

%.l 

Little  Club 

T^'.V.V.'.V... 

£.* 

Marquis 

£4 

Sonora 

afj 

m% 

2407-2 

2227-1 

1097 

266©-l 

22fB-2 

2405 

2404-1 

2799-2 

Hard,  red 

do 

Soft,  white.  . 

Bearded: 

Aulieata 

£• 

Cliul 

a' 

Early  Baart 

%r 

TTeine  Sqiiareheftd 

Soft,  red 

Medium  hard. 
Hard,  amber. 

Hard,  red 

Soft,  red..... 

'^■■■■En 

Sf 

Koola . . : 

%' 

Talimka 

s^ 

Yantagbay 

Ei 

Zacatecas 

£.4 

Average 

a' 

DUKUM. 

Bl^  Noir       

2511 
1516 

Hard,  amber 

do 1 

%n 

Kubanka 

i».j 

Averace 

1 

Ki 

1 

Table  XII  shows  that  the  durum  wheats  apparently  are  not  so  weB 
adapted  to  the  Columbia  Basin  region  as  are  the  common  and  club 
varieties.  The  bearded  varieties  of  common  wheats  exceeded  the  yidd 
of  the  beardless  common  and  club  varieties  by  1.7  bushels  per  acre, 
and  the  average  yield  of  all  common  and  club  wheats  exceeded  the 
average  yield  of  the  two  durum  varieties  by  3.5  bushels  per  acre. 

DESCRIPTIONS   OP  THE   BEST  VARIBTIBS. 

The  six  varieties  of  spring  wheat  which  have  given  the  best  average 
results  are  described  and  discussed  below.  Of  these  varieties,  Pacifr 
Bluestem  and  Little  Club  are  well  known  and  widely  grown  west  of 
the  Rocky  Mountains.    Early  Baart  is  grown  commercially  to  a  smaD 
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extent  in  Arizona  and  Washington,  while  Karun,  Koola,  and  Talimka 
are  new  introductions  not  yet  grown  except  in  an  experimental  way. 
Heads  of  the  six  varieties  are  shown  in  figures  9  and  10. 

Pacific  Bluestem. — Pacific  Bluestem  (C.  I.  No.  4067)  is  the  stand- 
ard spring  wheat  on  the  farms  of  the  Columbia  Basin.  It  usually 
conmiands  a  premium  of  3  to  4  cents  a  bushel  over  other  varieties  on 
western  markets.  It  is  a  fairly  early  spring  wheat  of  medium  height, 
with  beardless  spikes  (fig.  9,B),  white,  glabrous  glimies,  and  mid- 
sized, soft,  white  kernels.  In  the  West  it  is  called  simply  ''Blue- 
stem/'  but  it  must  not  be  confused  with  the  Bluestems  of  the  hard 


Fio.  9.— Heads  of  varieties  of  spring  wheat  grown  at  the  Moro  substation:  A,  Little  Club;  B,  Pacific 

Bluestem;  C,  Karun. 

spring-wheat  belt  in  the  northern  section  of  the  Great  Plains  area  or 
with  the  Bluestems  of  the  Atlantic  coast.  The  exact  origin  of  this 
variety  is  not  known,  but  almost  certainly  it  is  an  Australian  wheat. 
It  closely  resembles  Rymer  and  Warren,  two  varieties  from  New 
South  Wales.  It  is  also  identical  with  the  White  Australian,  formerly 
widely  grown  in  CaUfomia. 

Little  C7u6.— Little  Club  (C.  I.  No.  4066)  is  the  standard  variety  of 
club  wheat  in  the  western  United  States.  It  is  a  short,  midseason  to 
late  variety,  with  very  broad,  short  leaves.  The  beardless  spikes  are 
short,  but  broad  and  very  compact,  usually  oblong  in  shape  (fig.  9,  A). 
The  glumes  are  white  and  glabrous:  the  small  kernels,  white  and  soft. 
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The  origin  of  this  wheat  is  not  known,  but  it  is  supposed  to  have  been 
introduced  into  the  United  States  from  Mexico  or  some  other  porlkm 
of  Latin  America.  In  the  experiments  at  Moro  it  has  yielded  as  well 
or  sUghtly  better  than  Pacific  Bluestem,  but  does  not  bring  as  high 
a  price  per  bushel. 

Early  Baart, — E'ariy  Baart  (C.  I.  No.  1697)  is  an  early-maturing 
spring  wheat,  with  a  fairiy  short  straw.  The  spikes  are  bearded 
(fig.  10,  A)y  the  glumes  white  and  glabrous,  and  the  kernels  white, 
large,  and  soft.  This  variety  was  introduced  into  the  United  States 
from  Australia  by  the  United  States  Department  of  Agriculture  in 
1909.    It  has  been  grown  to  some  extent  in  western  Arizona  for  a 


Fio.  10.— Heads  of  varieUes  of  spring  wheat  grown  at  the  Moro  substation:  A,  Early  Baart;  B,  TaUmka; 

C,EooIa. 

number  of  years,  but  whether  it  was  introduced  into  that  State  by 
the  United  States  Department  of  Agriculture  or  was  a  separate  intro- 
duction  by  some  other  agency  is  not  known.  It  was  brought  to 
Washington  from  Arizona,  and  for  this  reason  is  sometimes  called 
''Arizona  Baart.''  It  is  now  being  grown  commercially  at  several 
points  in  Adams  and  Lincoln  Counties,  Washington. 

At  the  Moro  substation  it  has  proved  to  be  one  of  the  best  and 
earliest  of  the  spring-wheat  varieties.  Being  a  soft  wheat,  it  comes 
into  competition  with  Pacific  Bluestem,  Little  Qub,  and  others  of 
tills  class.  The  bearded  heads  are  objectionable,  because  they  do  not 
pack  well  in  the  header  boxes,  but  (his  disadvantage  seems  to  be  more 
than    offset  by  the  better   yields  obtained.     The    5-year    average 
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yield  of  Early  Baart  has  exceeded  that  of  Pacific  Bluestem  by  3 
bushels,  while  the  3-year  average  yield  exceeds  that  of  the  Blue- 
stem  by  4.5  bushels  per  acre. 

Karun. — Karun  (C.  I.  No.  2200-1)  is  a  rather  dwarf  and  early- 
maturing  spring  wheat,  with  beardless  spikes  (fig.  9,  (7),  white,  gla- 
.brous  glumes,  and  midsized,  hard,  amber-colored  kernels.  In  yield 
.it  has.  ranked  second  among  all  the  varieties  of  spring  wheat  growoi 
at  the  Moro  substation  during  the  3-year  period,  1913  to  1916,  in- 
clusive. It  has  exceeded  the  Pacific  Bluestem  in  that  period  by 
almost  5  bushels  per  acre.  Karun  resembles  the  Bluestem  in  its 
beardless,  glabrous  spikes,  but  differs  particularly  in  its  shorter  straw 
and  hard,  amber-colored  kernels.     The  original  seed  of  Karun  was 


Fig.  11.— Cross  sections  of  loaves  of  bread  made  tram  standard  hard  spring  wheat  and  from  varieties  of 
spring  wheat  grown  at  the  Moro  substation.  Left  to  right:  Top  row,  standard,  Marquis,  and  Bobs; 
bottom  row,  Saumiir,  Karun,  and  Early  Baart. 

obtained  in  Persia  by  the  United  States  Department  of  Agriculture 
in  1902.  The  variety  is  not  grown  commercially,  but  only  on  the 
experimental  plats. 

Koola, — Koola  (C.  I.  No.  2203-2)  is  a  selection  from  a  low-growing 
early  variety  of  spring  wheat,  introduced  into  the  United  States  from 
Arabia  by  the  United  States  Department  of  Agriculture  in  1902.  It 
is  a  bearded  variety  (fig.  10,  C),  with  white,  glabrous  glumes,  and 
large,  red,  soft  kernels.  It  has  been  tested  on  experiment  farms  for 
several  years,  but  has  never  been  distributed  to  growers.  The  Koola 
variety  has  given  the  highest  average  acre  yield  of  all  the  spring 
wheats  grown  at  the  Eastern  Oregon  Dry-Farming  Substation  during 
the  3-year  period,  1913  to  1915,  inclusive.  During  that  time  it  has 
outyielded  the  Pacific  Bluestem  by  6.3  bushels  per  acre.     It  also 
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has  proved  superior  to  Pacific  Bluestem  in  milling  value  during  that 
period. 

Tal'mika, — Talimka  (C.  I.  No.  2495)  is  an  early-maturing,  low- 
growing,  bearded  spring  wheat  (fig.  10,  B),  with  white,  glabrous 
glumes,  and  large,  flinty,  hard,  amber  kernels.  The  kernels  of  this 
rare  variety  and  of  related  varieties  are  so  large  and  so  hard  that  some 
of  them  were  mistaken  for  varieties  of  durum  wheat  when  first  mt re- 
duced. The  Talimka  variety  was  obtained  in  1904  by  a  representa- 
tive of  the  United  States  Department  of  Agriculture  at  Askabad, 
Russian  Turkestan,  where  other  similar  varieti^  and  the  closely 
related  varieties  of  the  Chul  group  are  commonly  grown  also. 

At  the  Moro  substation  the  Talimka  variety  has  proved  one  of  the 
best  yielding  of  the  spring  wheats.     In  a  3-ycar  period,  1913-1915, 


Fig.  12.  -Cross  sect  ions  of  loaves  of  broad  made  from  varieties  of  hard  spring  wheat  grown  at  1  he  Moto  sub- 
si  ai  ion.    I^ft  to  right:   Top  row,  Koola,  I'acific  Bluestem,  and  Chul;  bottom  row,  Vantxigbay,  Aulieata, 

aiid  T  alimka. 

inclusive,  its  yield  has  exceeded  that  of  Pacific  Bluestem  by  slightly 
more  than  4  bushels.     So  far  it  is  grown  only  in  an  experimental  way. 

MILLIVCJ    AND   BAKING    EXPERIMKNT9. 

To  ascertain  the  relative  milling  and  baking  values  of  the  spring 
wluNits  ^rowji  at  the  substation,  tests  of  several  varieties  have  been 
made  by  the  Plant  Chemical  Laboratory  of  the  Bureau  of  Chemistry. 
Tal)lc  XIII  gives  the  data  obtained  from  analyses  of  the  wheats  and 
of  Hour  milled  therefrom.  Figures  11  and  12  show  loaves  of  bread 
made  from  flour  milled  from  spring-wheat  varieties  grown  at  the 
Moro  substation  in  1915.  The  loaf  labeled  '^Standard"  is  from  flour 
miU(Ml  from  one  of  the  hard  spring  wheats  of  the  northern  Great 
Plains.     All  the  wheats  grown  at  Moro  were  milled  frorn  four  to  five 
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months  after  harvest,  and  the  flour  was  made  into  bread  about  two 
weeks  after  milling.  Miss  H.  L.  Wessling,  of  the  Plant  Chemical 
Laboratory,  conducted  the  baking  experiments. 

It  will  be  observed  from  the  analyses  and  photographs  of  loaves 
that  all  of  the  varieties  appear  to  be  equally  as  good  as,  and  most  of 
them  better  than,  the  Pacific  Bluestem,  which  is  the  standard  spring 
wheat  of  the  Colxmibia  Basin.  All  the  samples  from  which  the  flour 
was  made  were  from  the  varietal  plats  and  therefore  were  growa  under 
similar  conditions. 


Table  XIII. — CharacterisHcB  of  ffrain  and  of  flours  from  spring  wheats  grown  at  the 
Moro  substation  in  1913,  1914,  and  1915. 

Kernel  Ciiaractebs,  Chemical  Analyses,  Kebnel  Weights,  and  Bushel  Weights  op  the  Grain. 


Variety. 


Grown  in  1913. 
KemdMOft, 

Beardless: 

Pacific  Bluestem.. 
Bearded: 

Heine  Squarehead. 

Rieti 

Koola 


Kernel  hard. 


Beardless: 

Marquis 

Karim 

Bearded: 

Aulieata — 
Yantagbay . 
Talimka 


Grown  in  1914. 
Kernel  soft. 

Beardless: 

Pacific  Bluestem. . . 

Bobs 

Bearded: 

Early  Baart 

Heine  Squarehead. . 

Rieti 

Koola 


C.  I.  No. 


4067 

2609 

2793 

2203-2 


4158 
2200-1 

2407-2-1 

2404-1-1 

2495-1 


4067 


1697 

2669 

2793 

2203-2 


Kernel  hard. 

Beardless: 

Marquis 4158 

Karun 2200-1 

Bearded: 

Aulieata. 2407-2-1 

Chul..., '         2227 

Yantagbay I  2404-1-1 

Saumur i         2346 

Talimka 2495-1 

Grown  in  1915. 
Kerrtel  »(jft.  \ 

Beardless:  i 

Pacific  Bluestem. i  4067 

Bobs 2826-1 

Bearded:  ; 

EarlvBaart '  1697 

Koola I  2203-2 


White.. 


Red... 

...do..., 
...do... 


...do 

Amber., 


Red...., 

...do..... 
Amber. 


Water. 


White.. 
...do.... 

...do.... 
Red.... 
...do.... 
...do.... 


...do 

Amber. 


Red.... 
...do.... 
...do.... 
Amber. 
...do.... 


White.. 
...do.... 


..do.. 
Red.. 


Percl. 
7.62 

7.61 
7.74 

aoo 


7.83 
8.39 

8.06 
8.06 
8.25 


8.66 
9.04 

8.05 
8.72 
8.69 
8.51 


8.24 

8.32 

8.32 

8.16 
7.92 
8.61 
8.24 


6.50 
8.52 


8.42 
8.60 


Ash. 

Nitro- 
gen. 

Perct. 
1.73 

Perct. 
2.39 

1.80 
1.99 
1.92 

2.51 
2.54 
2.62 

1.80 
1.59 

1^* 

1.70 
1.47 
1.55 

2.41 
2.25 
2.34 

2.64 
1.91 

3.34 
2.98 

1.92 
2.04 
1.93 
1.99 

2.86 
3.13 
3.41 
2.97 

2.10 
1.74 

3.26 
2.68 

1.83 
1.S7 

1.79 
1.9H 
1.89 

2.87 
2.95 
2.91 
3.02 
2.97 

1.86 
1.72 

2.68 
2.80 

1.95 
2.14 

2.60 
2.97 

I  Aloy- 
Pro-  hol- 
tein    ;  solu- 


(NX 
5.7). 


Perct. 
13.62 

14.31 
14. 4S 
14.37 


13.91 
13,46 

13.74 
12.83 
13.34 


19.04 
16.98 

16.30 
17.  H4 
19.44 
16.93 


18.58 
15.28 

16.36 
10.  HI 
16.  ')9 
17.21 
16.93 


15.30 
15.95 


ble 
nitro- 
gen. 


Perct. 
1.04 

1.19 
1.22 
1.11 


1.03 
.99 

1.01 
.94 
1.00 


1.38 
1.25 

1.11 
1.42 

1.50 
1.28 


1.16 

1.12 
1.14 
1.14 
1.18 
1.23 


14.80    28.7 

16.90    24.3 


Weight. 


1,000 
ker- 
nels. 


Grams. 
28.4 

24.6 

28.4 
31.3 


21.7 
82.9 

34.3 
30.5 
31.4 


25.7 
26.7 

25.0 
27.8 
26.6 
26.8 


22.6 
27.5 

35.3 
2H.6 
31.2 
19.8 
27.3 


26.7 
27.6 


Bushel. 


Potiiub. 
57.4 

55.5 
65.0 
56.4 


55.5 
66.7 

68.3 
67.2 
56.6 


65.0 
58.7 

60.8 
56.4 
58.6 
55.7 


65,7 
61.2 

69.7 
65.0 
66.4 
M.9 
66.8 


52.8 
60.3 


59.4 
52.6 
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Table  XIII. — Characteristics  of  ^ain  and  of  flours  from  spring  tcheaU  gro/^eik 
Moro  substation  \n  19 IS,  1914,  and  1915 — Continued. 

Kksnxl  Chakactsbs,  Chemicai.  Analyses,  Kekitel  Weights,  axd  Bushel  Weights  or  m. 

Grain— Continued. 


C.  I.  No. 

Kernel 
color. 

Water. 

Ash. 

Nitro- 
gen. 

Pro- 

Ako- 

bol- 

Wi4^ 

Variety. 

tefai 
(NX 

5.7). 

lolu- 
ble 
nitro- 
gen. 

Gbown  in  191&-ConttnuM. 
Kemahtri. 

Beardless: 

Marquis 

Karun. 

Bearded: 

AuUeata. 

4158 
2200-1 

2407-2-1 
2227-1 
2404-1 
2346-1 
2485-1 

4067 
2826 

1697 

2669 

2793 

220a-2 

4158 
2200-1 

2407-2-1 
2227 

2404-1-1 

2346 

2495-1 

Red 

Amber.... 

Red. 

...do 

...do 

Amber.... 
...do 

White 

...do 

...do 

Red. 

...do 

...do 

...do 

Amber.... 

Red. 

...do 

...do 

Amber 

...do 

Perct. 
8.23 
8.46 

6.61 
6.67 
7.00 
8.16 
6.74 

7.59 
8.78 

8.24 

8.17 
8.22 
8.37 

MO 
S.39 

7.66 
7.47 
7.66 
8.39 
7.74 

Perct. 
2.42 
1.58 

2.12 
1.89 
1.99 
2.07 
1.98 

2.06 
1.82 

1.94 
1.92 
1.96 
2.02 

2.11 
1.64 

1.88 
1.88 
1.75 
2.03 
1.81 

Perct. 
3.26 
2.67 

2.95 
2.81 
2.85 
2.97 
2-97 

2.80 
2.89 

2.73 
2.82 
2.98 
2.82 

2.99 
2.67 

2.74 

2.88 
2.67 
3.00 
2.76 

Perct. 
18.60 
15.20 

16.80 

Pact. 

0^. 
1«.0 
24.5 

27.2 
2i5 

act 

26.7 

26l9 
27.2 

Pnii 

s: 

ChuL 

Yanta£bav 

16.00  \ 

16.25   

16.90    

Saumur 

S! 

TMJmlrft              

16.90 

16.99 
16.47 

15.55 
16.08 
16.96 
16.07 

17.03 
14.64 

15.93 
16.41 
15.22 
17.06 
15.72 

£4 

Averages. 

Kerndscfl, 

Beardless: 

Pacific  Bluestem, 

Bobsa 

Bearded: 

Early  Baart « 

26.9       «1 

Heine  Squarehead  a 

Rletio 

36.2       S' 
2S.0      a^ 

Koola 

27.5      5lf 

Kernel  hard. 
Beardless: 

MwqulS 

\ 

30.1 
2S.3 

3i3 
5S.1 
30.1 
20.2 
28.5 

K' 

K(u^in 

91 

Bearded: 

Aulieata. 

Zl 

Chula 

£■ 

Yantagbay 

jil 

Saumur  <» 

5^. 

%\ 

, 

Chemical  Analyses  and  Baking  Qcauties  of  the  Flour. 


Variety. 


Grown  In  1913: 

Paciflc  lUuestem.., 

Heine  Squarehead. 

Kieti 

Koola 

Marquis 

Konm 

Aulieata 

Yantagbay 

TiUiitika 

Sttmdard 

Gro^^-n  in  1914: 

Pacific  Bluestem.. 

Bobs 

Early  liaart 

Heine  Squarehead. 

Rieti 

Koola 


40(>7 

2im 

2793 

220J-2 

41.XS 

22(10-1 

2407-2-1 

2401-1-1 

2495-1 


4067 
2S26 
1697 
2(J«)9 
2793 
2203-2 


^ 


P.ci. 
U.S3 
11.83 
11.72 
11.80 
11.78 
11.55 
11.79 
11.69 
11.81 


10.53 
10.91 
11.29 
10.96 
10.76 
12.06 


P.ct. 

0.448 
.516 
.548 
.464 
.396 
.428 
.400 
.392 
.428 


.580 
.490 
.570 
.5.50 
.510 
.590 


P.rt. 
1.90 
2.17 
2.19 
2.07 
2.20 
2.07 
2.07 
1.98 
2.07 


2.57 
2.72 
2.27 
2.72 
3.05 
2.54 


P.ct. 

a  295 
.203 
.267 
.203 
.267 
.160 
.204 
.246 
.154 


.337 
.390 
.358 
.347 
.386 
.372 


m  ^ 


P.ct. 
1.06 
1.25 
1.29 
1.09 
1.12 
1.20 
1.12 
1.07 
1.10 


.751 
.730 
.596 
.826 
.870 
.709 


X 
55 


I 

p4 


P.ct. 
10.83 
12.37 
12.48 
11.80 
12.54 
11.80 
11.80 
11.29 
11.80 
11.05 

14.65 
15.50 
12.94 
15.50 
17.39 
14.48 


lOOerams 
of  flour. 


Jj   . 


C.c. 
64.5 
69.0 
67.5 
69.0 
71.0 
74.5 
73.7 
71.8 
72.5 

n.5 

67.0 
67.0 
62.0 
65.0 
68.0 
65.0 


If 

csa 

9 


C.C. 
400 
445 
550 
400 
660 
585 
590 
620 
580 
810 

2SQ 
620 
585 

480 
420 
405 


Loal 


cW 
c« 
cS 

95 

96 
c» 
.95 
e96 
c9S 

97  I 


a  Data  for  2  years  only. 

6  Abbreviations:  c—creamy,  vc— very  creamy,  g —gray, 

«:  Still.  ^  r^    ^ 

''Spongy. 
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Tabli  Xni. — Characteristics  of  grain  and  of  flours  from  spring  wheats  grown  at  the 
Moro  substation  in  191S,  1914,  and  1915 — Continued. 

Chkmical  Akalybes  and  Bakiko  Qualities  of  the  Flour— Continued. 


1 

f 

i 

4 

< 

2 

• 

k 

•1 

9 
0 

II 

5 

5 

X 

lOOerams 
of  flour. 

Loaf. 

Variety. 

«. 

r 

Grown  in  1914— Continued. 
MwqMkf.. 

4158 

2200-1 

2407-2-1 

2227 

2404-1-1 

234d 

2406-1 

P.ct. 
10.25 
11.43 
1083 
11.48 
12.31 
11.07 
ia78 
11.76 

12.51 
12.06 
11.14 
11.28 
11.30 
11.60 
12.66 
12.12 
12,40 
11.12 
11.78 

P,et, 
0600 
.530 
.580 
.470 
.440 
.500 
.400 
.410 

.436 
.403 
.480 
.474 
.400 
.456 
.483 
.466 
.428 
.481 
.420 

P,et. 
2.61 
2.36 
2.55 
2.53 
2.54 
2.61 
2.61 
2.08 

2.17 
2.44 
2.27 
2.51 
2.77 
2.34 
2.52 
2.46 
2.42 
2.60 
2.47 

P.ct. 

0.358 
.281 
.302 
.323 
.300 
.338 
.344 
.347 

p.ct. 
0.793 
.681 
.702 
.667 
.681 
.737 
.716 
.682 

P.ct. 
14.88 
13.46 
14.64 
14.42 
14.48 
14.88 
14.88 
11.86 

12.37 
13.90 
12.04 
14.30 
15.80 
13.36 
14.36 
14.00 
13.80 
14.82 
14.08 
1043 

12.62 
14.70 
12.80 
13.04 
14.07 
13.53 
14.41 
12.87 
13.57 
14.21 
13.10 
14.85 
13.50 
11.11 

C.c. 
60.0 
68.0 
700 
68.0 
60.0 
70.0 
70.0 
66.0 

64.0 
66.4 
66.0 
60.0 
68.0 
65.6 
68.0 
67.0 
60. 0 
60.0 
67.0 
66.0 

65.2 

66.7 
.64.0 
67.0 
67.8 
68.0 
60.0 
60.3 
70.6 
67.6 
60.0 
60.5 
60.8 
67.6 

C.c. 
586 
580 
620 
580 
565 
655 
605 
840 

470 
600 
500 

610 
610 
520 
660 
610 
600 
580 
610 
840 

417 

606 
643 
463 
486 
438 
618 
662 
623 
505 
505 
668 
605 
830 

P.ct. 

06 
c07 

06 
o06 

06 
c06 
007 
c06 

07} 

c08 

c07 
06 

g«7 
vc07 

c06 

c06 

o06 
vo07 

C07 

006 

04.8 
08.6 
05.6 
03.8 
02.8 
04.0 
06.0 
06.3 
06.6 
06.0 
06.0 
06.0 
06.3 
07.6 

P.O. 

Varnn 

AnIJffttft 

06 

Chul 

08 

Yantagbay 

06 

Sftuniar.. 

02 

Tallmka. 

07  ■ 

Standard 

06 

Grown  in  1915: 

Pacific  Bluestem 

4067 
2826-1 

1697 
220^-2 

4158 
2200-1 
2407-2-1 
2227-1 
2404-1 
23^16-1 
24»5-l 

06 

Bobs 

07 

Rflrly  Baart 

06 

Koofe 

06 

MAn]Mi^.  . 

07 

Kanin 

04 

Aulleata. 

^ 

Chul 

Yantagbay 

S? 

Saomi^./. 

TftlimVH 

07 

fitAn^arf) 

00 

Lverage: 

I'aclflo  Bluestem 

4067 
2826 
1607 
2660 
2703 

2203-2 
4158 

2200-1 

2407-2-1 

2227 

2404-1-1 

2346 

2405-1 

11.62 
11.48 
11.22 
11.40 
11.24 
11.76 
11.14 
1L40 
11.76 
11.80 
1Z16 
11.65 
11.46 
C11.75 

.488 
.447 
.530 
.533 
.M4 
.443 
.492 
.471 
.488 
.468 
.420 
.401 
.446 
'■.410 

2.21 

2.58 
2.27 
2.45 
2.62 
2.37 
2.53 
2.26 
2.38 
2.50 
2.31 
2.605 
2. 38 
<^08 

03.0 

Bobsb 

07.6 

Early  Baartt 

Heine  Squarehead  b. . . . 
Rietifc 

06.6 

02.0 

80.0 

Koola 

02.0 

Marqiii5.. 

06.6 

Ksrnn .   . 

04.3 

Aulieata. 

05.1 

Chul* 

1 

07.6 

Yantagbay 

1 

05.5 

Saumufi^ 

03.0 

THlfnUcft.,, 

05.6 

Htan^fard 

1 

0R.3 

a  Abbreviatioiis:  c— creamy,  vc— very  creamy,  g— gray. 
b  Average  data  for  2  years  only, 
e  Data  for  1  year  only. 


RATE-OF-SBBDINQ   AND  DATE-OF-SEEDINO  EXPERIMBNT8. 

During  the  years  1912  to  1915,  inclusive,  rate-of-seeding  and  date- 
-eeeding  experiments  with  spring  wheat  were  conducted  with  the 
ax5ific  Bluestem  variety.  This  wheat  was  sown  at  rates  varying 
:>ni  2  to  8  pecks  per  acre  on  each  of  two  dates,  one  early  and  one 
to  in  the  spring.     UnrepHcated  tenth-acre  plats  were  used,  except 

1915,  when  all  seedings  were  made  on  duplicate  twentieth-acre 
ats.      The  8-peck  rate  was  omitted  in  1912  and  the  2-peck  rate 

1915.  Table  XIV  gives  the  yields  obtained  in  each  year,  the 
orage  yield  from  each  rate  on  both  dates  and  on  each  date  in  all 
ars,  and  the  average  yield  of  all  rates  from  each  date. 
Table  XIV  shows  that  there  is  little  difference  in  the  average  yield 
r  acre  from  the  different  rates  of  seeding  during  the  four  years.  The 
•ly  seeding,  however,  gave  much  higher  yields  than  the  later  seed- 
;  in  every  year  except  1912.    The  average  increase  in  yield  from 
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the  early  seeding  in  the  four  years. was  6.2  bushek  per  acre.  In  the 
early  seeding  the  thickest  rate  (8  pecks)  gave  the  highest  average 
yield,  and  in  the  late  seeding  the  3-peck  rate  gave  the  highest  average 
yield.  The  average  date  of  the  early  seeding  was  March  22  and  of 
the  late  seeding,  April  20. 

Table  XIV. — Annual  and  average  yields  obtained  in  a  rate-o/seeding  test  of  Pac\Ji( 
Bluestem  wheat  sown  on  two  dates  at  the  Moro  substation  during  the  4'year  penod,  1912 
to  1915,  iticlusive. 


Year  and  date  of  seeding. 


-.25)., 
26)... 

.25).. 
25)... 

.  16).. 
16)... 

.  22).. 
15)... 


ng. 

'g-- 


Yields  per  acre  O^ushels)  at  given  rates  of  seeding. 


2  pecks. 


7.0 

7.8 


18.5 
10.5 


17.5 
13.7 


12.5 
14.3 
10.6 


Specks. 


8.8 
15.5 

17.5 
10.0 

15.5 
11.7 

18.6 
10.4 

13.5 
15.1 
11.9 


4  pecks. 


13.6 
11.8 

20.8 
7.7 

14.5 

8.7 

!5.1 
11.1 

12.9 
16.0 
9.8 


5i>ecks. 


6  pecks. 


12.5 
14.0 

21.3 
7.6 

17.8 
6.3 

17.2 
10.6 

13.3 
17.2 
9.4 


10.5 
15.1 

18.3 
8.3 

16.3 
8.7 

20.6 

n.4 

13.3 
16.4 
9.6 


7  pecks. 


13.1 
15.5 

20.0 
10.4 

17.3 
4.0 

18.0 
12.8 

13.9 
17.1 
10.7 


Specks. 


30.0 
13.1 

IS.1 
a.7 

10.2 

ia2 

14.0 
19.1 
9.0 


Aver- 
age. 


10.9 
13.3 


19.6 
9.7 


1A.7 
7.3 


18.1 
11.1 


16.3 
l&l 


On  April  9,  1913,  and  April  6,  1914,  eight  check  plats  were  sown 
with  the  same  variety,  Pacific  Bluestem,  at  the  rate  of  5  pecks  per 
acre.  This  provided  a  medium  date  of  seeding  to  compare  with  the 
early  and  late  dates  discussed  above.  The  earliest  seeding  at  the 
rate  of  5  pecks  per  acre  gave  higher  yields  in  both  years  than  any 
check  plat,  further  indicating  the  advantage  of  early  seeding. 

SPRING  OATS. 

From  the  standpoint  of  total  production,  oats  are  a  less  important 
crop  than  wheat  and  barley  in  the  Columbia  Basin.  Judging  from 
yields  obtamed  at  the  substation  at  Moro,  oats  probably  have  not 
r(»ccived  the  attention  they  deserve  from  the  farmers  of  this  section. 
This  undoubtedly  is  due  to  the  fact  that  the  header  and  the  combined 
harv(\stor-thraslior,  the  harvesting  machines  most  commonly  used 
in  the  Columbia  Basin,  are  not  adapted  to  the  economical  handling 
of  this  crop.  Grain  must  be  thoroughly  ripe  before  it  is  cut  with  a 
header  or  thrashed  with  a  combined  harvester-thrasher.  Much  of 
the  oat  crop  is  lost  through  shattering  if  left  too  long  after  maturity 
before  it  is  hai-vested.  The  oat  varieties  at  the  substation  have 
always  been  cut  with  a  binder  and  thrashed  from  the  shock. 

VARIETAL   EXPERIMENTS. 

In  1912  the  oat  varietal  experiment  was  on  spring-disked  com  groimd. 
In  the  other  years  reported  the  oats  were  grown  on  ground  summer 
tilled  the  previous  year,  as  in  the  case  of  the  spring  barley  and  wheat. 
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The  results  of  the  test  of  oat  varieties  that  have  been  grown  for 
two  or  more  years  are  presented  in  Table  XV,  with  the  annual  yield 
in  bushels  per  acre  produced  by  each. 

Table  XV. — Annual  yields  oftO  varieties  and  strains  of  spring  oats  grmvn  infield  plats 
at  the  Moro  substation  during  two  or  more  years  in  the  5-year  period,  1911  to  1915, 
inclusive. 


Variety. 

C.  I.  No. 

Period  of  maturity. 

Y 
1911 

ield  per  acre  (bushels). 

1912 

38.4 
85.1 
38.4 

1913 

1914 

1915 

\ 

Dazmer. ^  -  r , .  - 

160 
549 
444 
519 
459 
680 
681 
635 
165 
789 

165-1 

165-1-1 

165 

622-1 
134 

134-1 
523 
636 
795 

357-1 

Midseason 

17.1 
35.1 
17.1 

36.3 
42.5 
46.4 

Black  American 

do 

33.8 

.  45.2 

33.1 

54.2 

43.3 

Canadian - . . . , .  - .  - 

do 

48.9 

T^ai^Ish Inland . ,         .   . r.,,,.. 

....  do 

49  0 

Klierson 

Early 

28.9 

39.6 
17.3 
44.3 
36.6 
40.0 
37.1 

43.6 
31.2 
36.5 
53.7 
47.8 
66.5 

52.6 

Shadeland  Challenfe       

Late 

RbftHeland  ciirnax        r , . . , . 

Midseason 

35.1 
37.0 
52.3 
33.7 
65.6 
6L9 

55.3 

SibPfiftn  - 

do 

30.8 
18.7 

n.2 

58.3 

Sixty-Day 

Early 

57.8 

Sixty-Day  4P4 

.  ."do.:;:::::::::: 

Sixtv-Dav  selection 

....  do      

67.2 

do 

45.6 
47.2 
46.2 
40.7 
40.6 
29.4 
30.0 
44.1 

57.1 

Do.a 

do 

Midseason 

27.8 

Storm  King 

35.6 
37.2 
87.9 
35.0 

63.0 

8\redish  Select 

do 

13.5 

37.0 

47.0 

Stredish  Select  selection 

....do     

52.0 

Tartar  King 

do 

Whit«  RiKslftn  -  - 

Late 

13.7 
14.3 

28.1 

Local  variety  f> 

Midseason 

38.4 
45.0 

51.4 

TJDnamed 

..    .do 

49.2 

a  Selection  from  the  branch  experiment  station,  Union,  Greg. 
h  An  unnamed  variety  grown  locally;  similar  to  Siberian. 

DESCRIPTIONS   OP  THE   BEST  VARIETIES. 

Table  XVI  shows  the  3-year  and  5-year  average  yields  of  11  of  the 
more  important  varieties  and  gives  certain  other  data  regarding 
these  varieties.  This  table  shows  that  the  5-year  average  yield  of 
the  Kherson  is  highest,  though  there  is  little  difference  in  the  5-ycar 
average  yield  of  the  Kherson  and  that  of  the  Sixty-Day  and  Siberian. 
In  the  3-year  average,  the  Sixty-Day  and  a  selection  from  Sixty-Day 
show  the  highest  yields. 

Table  XVI. — Agronomic  data  and  S-year  and  5-year  average  i/ieldsfor  the  11  most  im- 
portant varieties  and  selections  of  spring  oats  tested  at  the  Moro  substation  during  three 
or  more  years  in  the  5-year  period,  1911  to  1915,  inclusive. 


Variety. 


Sixty-Day  selectian 

SIhersan 

Sixty-Day 

Siberian 

Storm  King  selection. . . 

Canadian 

Local  variety 

Swedish  Select  selection 

Shadeland  Climax 

Black  American 

Swedish  Select 


CI. 
No. 


165-1-1 

459 
165 
635 

522-1 
444 
795 

134-1 
681 
549 
134 


Date 
headed. 


Date  ripe. 


June  16 
June  18 
...do.... 
June  27 
...do.... 
June  26 
June  29 
June  26 
July  1 
June  28 
June  26 


July  9 
July  13 
July  12 
July  20 
July  18 
...do.... 
July  20 
July  18 
July  21 
...do.... 
July  20 


Height. 


Bushel 
weight. 


Average  yield  per 
acre. 


3  years.    5  years. 


Ijtehfs. 
28 
26 
26 
34 
33 
33 
32 
33 
32 
28 
32 


Pounds.  Bushflf. 


30.7 
30.0 
30.7 
34.0 
33.0 
36.5 
2H.4 
32.4 
33.3 
28.6 
32.7 


64.9 
50.1 
52.6 
49.7 
48.3 
46.8 
44.6 
43.5 
42.3 
39.9 
41.6 


Bu^U. 


43.8 
43.3 
43.1 


9.2 


38.0 
35.1 
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Kherson  and  Sizty-Day. — ^The  Klerson  and  Sixty-Day  are  very 
similar  varieties  of  oats  which  came  originally  from  southern  Russia. 
The  Kherson  was  introduced  about  20  years  ago  from  the  Kherson 


Fig.  13.— Heads  of  out  s  grown  at  the  Moro  substation:  A ,  Swedish  Select,  B,  Kherson. 

Goveinment,  and  the  Sixty-Day  about  15  years  ago  from  the  Podolia 
Government.  These  oats  are  both  early  in  maturing,  ripening  at 
Moro  about  the  second  week  in  July.     The  straw  is  slender  and 
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usually  rather  short.  The  heads  are  small,  spreading  (fig.  13),  and 
usually  well  filled  with  slender,  yellow  kernels.  While  the  weight 
per  bushel  is  sometimes  rather  low,  the  percentage  of  hull  is  lower 
than  in  most  varieties  of  oats.  The  Sixty-Day  selection  which  has 
given  the  highest  3-year  average  yield  at  Moro  does  not  differ  in 
appearance  from  the  unselected  variety.  The  principal  objections  to 
these  early  oats  are  the  small  size  of  the  kernel  and  the  shortness  of 
the  straw.  Because  of  the  short  straw  it  is  sometimes  difficult  to 
harvest  them  with  a  binder.     When  the  oat  crop  is  to  be  cut  for 


Fig.  14.— a  tweQtietb-€K;re  plat  of  Sixty-Day  oats  at  the  Moro  substation  in  1914. 

hay,  some  other  variety  with  lai^er,  taller  straw  should  be  grown. 
A  plat  of  Sixty-Day  oats  at  the  Moro  substation  is  shown  in  figure  14. 
Siberian. — ^The  Siberian  is  an  old  European  variety.  The  stock 
grown  at  the  Moro  substation  was  obtained  a  number  of  years  ago 
from  the  Ontario  Agricultiu-al  College,  where  this  variety  has  been 
a  leading  one  for  many  years.  The  Siberian  variety  ripens  art  Moro 
about  8  or  10  days  later  than  the  Kherson  and  Sixty-Day.  It  is  a 
tall,  rather  slender  strawed  variety,  with  open  heads.  The  kernels 
are  white,  long,  and  slender,  but  are  considerably  larger  than  those 
of  the  Kherson  and  Sixty-Day  varieties.  The  average  weight  per 
bushel  at  Moro  was  34  pounds,  which  is  second  only  to  that  of  the 
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Canadian.  The  o-ycar  average  yield  was  only  slightly  less  thaxi  that 
of  the  Sixty-Day  and  Kherson,  exceeding  that  of  any  other  variety 
by  several  bushels.     A  head  of  the  Siberian  oat  is  shown  in  figure  1 5. 


Fir,.  1.').— Heads  of  oats  prowii  at  the  Moro substation:  A,  Siberian;  ^, Canadian. 

( an OAUan,— The  Canadian  is  a  variety  of  oats  which  has  been 
grown  for  many  years  in  Scotland  and  in  some  portions  of  northern 
Europe  as  the  Barley  oat,  so  called  because  of  its  short,  broad  ker- 
nels, which  somewhat  resemble  a  grain  of  barley.  The  Canadian 
ripens  at  Moro  about  a  week  later  than  the  Kherson  and  Sixty-Day, 
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but  two  or  three  days  earlier  than  most  other  varieties.  The  straw 
is  tall  and  coarse,  and  the  heads  are  very  large  and  open  (fig.  15). 
The  kernels  are  white,  short,  and  broad.  The  two  prominent  char- 
acteristics of  this  variety  are  the  wide-spreading  heads  and  the  short 
kernels.  One  of  its  principal  faults  is  a  tendency  to  produce  only 
one  grain  to  the  spikelet,  the  second  or  smaller  grain  often  being 
entirely  inclosed  in  the  hull  of  the  first.  That  tlus  tendency  has  not 
been  marked  at  the  Moro  substation  is  shown  by  the  weight  per 
bushel,  which  is  higher  than  that  of  any  other  variety. 

SPRING  BARLEY. 

Next  to  wheat,  barley  is  the  most  important  cereal  grown  on  the 
dry  lands  of  the  C!olumbia  Basin.  Most  of  the  barley  grown  is  sown 
in  the  spring,  though  at  the  lower  elevations  winter  barley  is  grown 
successfidly. 

VABIETAL  EXPERIMENTS. 

At  the  substation  43  varieties  of  spring  barley  have  been  tried. 
Acre  yields  have  been  obtained  from  13  of  these  in  each  of  the  five 
years,  1911  to  1915,  inclusive.  Owing  to  an  exceedingly  imfavorable 
season  the  barley  yields  were  low  in  1911.  In  1912  the  spring-barley 
varieties  were  placed  on  poor  soil  and  no  high  yields  were  obtained. 
In  1913,  1914,  and  1915  the  yields  of  most  of  the  varieties  were  con- 
siderably higher  than  in  previous  years,  and  spring  barley  exceeded 
any  other  spring  crop  in  total  weight  of  grain  produced  per  acre.    . 

In  Table  XVII  will  be  found  an  alphabetical  list  of  the  spring- 
barley  varieties  grown  two  or  more  years,  with  the  yields  of  each 
variety  in  bushels  per  acre.  These  yields  are  based  on  the  yields 
of  single  tenth-acre  plats  in  1911,  1912,  and  1913  and  of  duplicate 
twentieth-acre  plats  in  1914  and  1915,  except  as  otherwise  stated. 

Table  XVII. —  Yields  of  varieties  of  spring  barley  grown  in  roirs  and  plats  of  various 
sizes  at  the  Moro  substation  unthin  the  S-year  period,  1911  to  1915 ,  inclusive ,  showing 
also  the  source  of  seed  and  group  relationships. 


Variety. 


AbyaBinian.. 

Do 

Do 

Do 

ArliBgtoo... 

Barbary 


«68 
669 
673 
674 
702 

095 


Beldi 190 

Black  Abyssinian 670 

Black  Algerian 70^1 

Black  UuU-less 596 


Do. 


I 


Bohemian 27-1 

CbeTalierll 200 

CblliBrawing i    657-1 


Abyssinia 

do 

do , 

do 

Hybrid,  Vir- 
ginia. 

N  orthern 
Africa. 

Algeria 

Ab>'ssinla 

Algeria 

Southwestern 
Asia. 

Hybrid,  Ore- 
Ron. 

Austria 

Sweden 

ChlU 


Yield  per  at-re  (bushels). 


(•roup. 


1911 


2-rowed . . 
6-rowed 

do I 

do.. 

.do.. 


1912 

1913 

1914 

6  22.1 
622.1 
C14.1 
b   3.9 
M5.6 

C) 
(°) 
(°) 
(°) 

5  3,->.0 
t32.5 
b  32. 5 
&23.1 
0  32.5 

(») 

(») 

532.5 

15.5 
(«) 
5  22.8 
17.8 

37.5 
b  10.3 
C39.3 

37.9 

36.2 

Ml.  7 

46.3 

2  J.  2 

20.7 

33.1 

23.3 

fa) 
26.2 
526.0 

J>25.0 

31.0 

C36.2 

C3.2 
21.8 
23.7 

«  Grown  In  head  rows;  yield  not  recorded. 
b  Grown  In  rod  rows,  usually  unrepUcated. 


6-rowed,  

hooded.  I 
2-rowed . .        (a) 

...do 6.4 

6-rowed (o) 

c  Grown  in  3-rod  rows  replicated  2  to  4  times. 


1915 


5  20.8 
5  1S.2 


C26.5 

C28.5 

48.8 

5  16.0 

46  4 

36.6 

27.0 

54.0 
32.5 
47.6 
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Table  XVIL —  Yields  of  varieties  of  spring  barley  grovm  in  rows  and  plats  of  i 
nzet  at  the  Moro  substation  within  the  S-vear  period,  1911  to  1915,  inclusive,  skoieimf 
also  the  source  of  seed  and  group  relcAi(mships--^Ji\iji\ied. 


Variety. 


C.L 
No. 


Origiii. 


Oroup. 


1911 


Yield  per  acre  (bo^Mb). 
19U 


1912 


1914 


ms 


Coast 

Do 

Common  Chili 

Francooian 

Oataml 

Cray  Abyssinian 

Ilanna 

nannchen 

HeU's  Ilanna  No.  1 

Hell's  Hanna  No.  2 

HeU's  Ilanna  No.  3 

Ilorsford   (Texas   Beard- 
less). 

Uimalaya  (Gay  Mayle) . . . 

Imperial 

Mahan 

Manchuria  ( Minn.  No.  105) 

Manchnria  (Minn.  Na  6).. 

Manchuria  (O.  A.  C.  No. 
21). 

Mandschurei  (O.  A  C). . . 

Mansury 


091 
626 
663 
679 
675 
672 
24 
631 
681 
678 
682 
610 

260-1 
289 
1144 
576 
638 


Mariout 

Oderbrucker 

Peru 

Princess 

Do 

Salamanca 

Svanhals 

White  Sm3rma  (Ouchac). 
Wisconsin  No.  9 


617 

261 
537 
707 
529 
603 
689 
187 
658 


CaUfamia(r). 

do 

ChiU 

Germany 

China 

Abyssinia — 

Austria 

Sweden 

Germany..    - 

do 

do 

Texas  (T) 


China 

France 

North  Dakota 

China 

do 

do 


do 

North  Dakota 

Egypt 

(Jermany 

Peru 

Sweden 

do 

Spain 

Sweden 

Asia  Minor 

Wisconsin 


6-rowed. 

...do 

...do 

2-rowed . 
6-rowed. 

...do 

2-rowed. 

...do 

...do 

...do 

...do 

...do 

6-rowed. 
2-rowed. 

...do 

5-rowed . 

...do 

...do 


2.9 

(•) 
(•) 

6.9 
(«) 

lao 

&4 

(•) 
(•) 
(«) 

6.4 

2.9 
4.3 
12.0 


...do 

2-rowed. 


e^•owed. 

...do 

...do.... 
2-rowed. 

...do 

6-rowed. 
2-rowed - 

...do 

6-rowed. 


2.7 

6.3 
7.0 
(•) 
4.6 
2,0 
13.8 
16.5 
9.3 


23.3 
6  31.2 

(«) 

16.8 
635.1 

26.0 

25.2 


(«) 


) 
24.6 

6.0 
25.0 
22.0 
23.9 


21.2 

28.0 
23.5 
(«) 
21.5 
19.1 
(«) 
5.1 

22.3 


c25w0 

645.5 

36.4 

csae 

29.5 

48.3 

632.5 

62a8 

648.1 

14.4 

33.8 
17.3 
25.1 
33.0 
34.3 
34.0 

38.7 
31.2 

40.6 
3a6 

646.8 
24.0 
17.0 

6  11.7 
34.1 
42.0 
25.4 


37.9 
32.5 


414 


29. 2  I  41 J 

4L2  319 

»22.8'  69B.» 

a6u9  I  416 

32.8  '  A4 

^28.3  ca.9 

*24.7;  «5.^ 


• -iai 

TLi 

25.0 

^1 

28.0 

3i<3 

34.6 

ro 

2S.4 

23.4 

29.2 

r.: 

24.2 

42.1 

R3 

34.5 

4L5 

4a4 

443 

17.5 

20.8 

(*») 

a)L6 

k: 

36.7 

ftp 

o  Grown  in  head  rows ;   yield  not  recorded. 
6  Crown  in  rod  rows,  usually  unreplicated. 


c  Grown  in  2-rod  rows  replicated  2  to  4  tteies. 


Table  XVIII  gives  acre  yields  of  the  varieties  that  have  been 
tested  during  the  entire  five  years.  The  highest  average  yieW  per 
acre,  34.3  bushels,  was  obtained  from  the  Mariout  variety  (C.  I.  No. 
261),  a  6-rowed  form.  The  varieties  giving  the  second  and  third 
highest  average  yields  were  White  Smyrna  (C.  I.  No.  658)  and 
Hannchen  (C.  I.  No.  631),  both  of  which  are  2-rowed  barleys. 

Table  XVIII. — Annual  and  average  yields  of  13  spring-barley  varieties  grotpn  at  tie 
Moro  mibstatian  in  twentveth-acre  or  larger  ptats  during  the  S-year  period,  1911  to  191S, 

inclusive. 


Variety. 

(M. 
No. 

Yield  per  acra  (busheb). 

1911 

1912 

1913 

1914 

1915 

Black  Hull-less 

596 
190 
200 
626 
575 
531 
24 
261 
1144 
576 
637 
1S7 
658 

3.7 
3.5 
6.4 
2.9 
5.9 
8.4 

10.0 
6.3 

12.0 

06.4 

7.0 

13.8 
9.3 

17.8 
15.6 
26.2 
23.3 
16.8 
25.2 
26.0 
2S.0 
22.0 
23.9 
23.5 
25.1 
27.0 

37.9 
37.5 
31.0 
38.3 
36.4 
48,3 
29.5 
4a  6 
25.1 
33.0 
3a6 
34.1 
42.0 

2S.S 
36.2 
21.8 
32:5 
41.2 
32.8 
2S.9 
4X1 
28.0 
34.6 
34.5 
3a6 
3&7 

36.6 
48.8 
3X5 
5L2 
36.0 
46.4 

4ao 

54.5 
36.0 
27.0 
41.5 
38.7 
49.8, 

212 

Heidi    

».3 

('hevalier 

S.f 

Coast 

2S.I 

Gatami 

r.< 

Hannchen 

3X2 

Hanna 

»L5 

Mariout 

k: 

Mahan 

KC 

Manchuria  (Minn.  No.  105) 

mi 

Oderbrucker 

m 

Svanhals 

Wi^ 

White  Sm>Tna 

tx.t 

a  Estimated  yield  by  comparison  with  yield  of  other  varieties  during  1912, 1913, 1914,  and  19IS. 
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In  Table  XIX  the  spring-barley  varieties  are  arranged  in  groups 
of  related  varieties,  showing  the  5-year  average  yield  of  each  variety 
and  the  average  yield  of  each  group.  Typical  heads  of  the  leading 
varieties  of  barley  at  the  Morp  substation  are  shown  in  figure  16. 

Table  XIX. — Average  yields  of  spring-barley  varieties  grown  at  the  Moro  substation 
for  the  5-year  period,  1911  to  1915,  inclimve,  arranged  in  groups  of  related  varieties. 


Groups. 


Yield 
per  acre. 


1.  Six-rowed  (hulled): 

Beldl. 

Coast  (Common  California)., 

Gatami 

Manchuria  (Mhm.  No.  Ifto).. 

Marlout 

Oderbrucker 


BushfU. 
28.3 
29.6 
27.8 


Average 

Six-rowed  naked  (hull-less): 

Black  Hull-less 

Black  HuU-leas  (Union,  Oreg.). 


Average.. 


,  Two-rowed  (hulled): 

Chevalier 

Hannchen 


Mahan 

SvanhaJs 

White  Smyrna. 


Average.. 


•  Average  yield  for  fouryears  only,  1912-1915. 
the  same  four  years  was  29.1  bushels. 


The  average  yield  of  Black  Hull-less  (C.  I.  No.  596)  hi 


DESCRIPTIONS   OP  THE   BEST   VARIETIES. 

The  d-romed  varieties. — ^The  leading  6-rowed  varieties,  as  shown  in 
TaWe  XIX,  are  Mariout,  Coast,  Oderbrucker,  and  Beldi.  Heads  of 
the  first  three  varieties  are  shown  in  figure  16. 

The  Mariout  (C.  I.  No.  261)  is  an  Egyptian  variety  which  is  char- 
acterized by  a  compact  spike  of  the  type  often  called  club,  although 
it  possesses  this  characteristic  to  a  lesser  degree  than  the  White  Club. 
The  kernel  is  somewhat  coarse  and  the  beard  is  not  always  entirely 
broken  off  in  thrashing.  It  is  an  early,  heavy-yielding  variety  in  this 
section. 

The  Coast  variety  (C.  I.  No.  626)  is  the  common  6-rowed  barley 
grown  upon  the  Pacific  slope  and  in  the  Columbia  Basin.  It 
is  called  by  various  names,  such  as  Common  California,  Bay  Brewing, 
and  sometimes  Blue  barley.  The  spike  is  less  compact  than  that  of 
the  Mariout,  and  in  many  localities  the  plant  is  somewhat  taller. 
Like  the  Mariout,  the  awn  is  not  entirely  removed  in  thrashing.  It 
is  a  large-kemeled,  heavy-yielding  variety.  It  has  been  grown  for 
many  years  in  the  western  United  States  and  probably  came  origi- 
nally from  Egypt. 

Beldi  (C.  I.  No.  190)  is  another  North  African  variety,  which 
closely  resembles  the  Coast.  It  is,  however,  slightly  earlier,  and  the 
spike  and  straw  are  somewhat  shorter. 
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The  ^-roved  varieties. — Of  the  2-rowed  varieties  the  Haiinchen, 
Wliite  Smyrna,  and  Svanhals  have  given  the  best  results.  Heads  of 
the  Ilannchen  and  White  Smyrna  barleys  are  shown  in  figure  16. 

The  Hannchen  (C.  I.  No.  531)  is  a  2-rowed  variety,  with  a  narrow, 
nodding  spike.  It  was  produced  by  the  Swedish  Plant-Breeding 
Association  of  Svalof,  Sweden,  and  was  a  selection  from  Ilanna. 
Througliout  most  of  the  northern  United  States  it  is  somewhat  earlier 
than  Hanna  and  a  better  yielder. 


1 

1 

i: 

it 

\ 

! 

I'.  I 


O' 


Fig.  10.— Heads  of  live  variet  its  of  spring  barley  grown  at  the  Moro  substation:  Aj  Coast;  B,  Manaiil:C 
Odcrbruckcr;  D,  White  Smyrna;  ^jHanncben.   * 

White  Sm^Tna  (C.  1.  No.  658)  came  originally  from  Asia  Minor. 
It  is  a  very  large  kemehnl,  2-rowed  variety,  with  a  nodding  spike.  It 
lias  a  very  short  straw,  and  for  this  reason  often  gives  an  unfavorable 
impression  when  first  seen.  It  can  be  harvested  successfully,  how- 
ever, and  is  a  very  heavy  yielding  variety.  It  is  early,  stands 
drought  well,  and  is  well  adapted  to  the  Columbia  Basin  uplands. 

The  variety  Svanhals  (C.  I.  No.  187)  was  produced  by  the  Swedish 
Plant-Breeding  Association.  It  has  a  wide,  erect,  2-rowed  spike,  with 
large  kernels  and  a  stiff  straw.  It  very  seldom  lodges,  and  it  gives 
satisfactory  yields  throxighout  most  of  the  western  United  States, 
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but  is  hardly  equal  to  the  Hannchen  and  White  Smyrna  in  this  respect. 
This  variety  has  been  rather  widely  distributed  under  the  name 
Swanneck,  which  is  a  translation  of  the  Swedish  name. 

COMPARATIVE  VALUE  OF  WHEAT,  OATS,  AND  BARLEY. 

Table  XX  gives  comparative  figures  on  the  acre  yields  of  three 
spring  crops,  wheat,  barley,  and  oats,  and  the  pound  values  and  acre 
values  of  these  crops.  The  price  per  pbimd  is  based  on  the  average 
price  of  these  cereals  in  Oregon  on  December  1  in  the  10  years,  1905 
to  1914,  inclusive,  as  given  by  the  Bureau  of  Crop  Estimates.^  The 
average  yields  in  this  table  are  those  obtained  in  plat  tests  at  the 
Moro  substation  during  1913,  1914,  and  1915.  The  average  yields 
and  the  acre  values  for  the  leading  variety  of  each  crop  in  the  five 
years,  1911  to  1915,  inclusive,  are  also  given. 

Table  XX. — Average  acre  yields  of  all  spring  wheat,  oat,  and  barley  varieties  grcmm  at 
the  Moro  substation  in  19  IS,  1914,  and  1915,  and  of  the  best  variety  of  each  for  the  S-year 
period,  1911  to  1915,  inclusive,  with  average  values  based  on  the  average  farm  price  of 
these  cereals  in  the  lO-year  period,  1905  to  1914,  inclusive. 


Crop. 


Spring  bartey 
Spring  oats... 
Spring  wheat. 


Price 

per 

pound. 


Average  fw  all  varie- 
ties, 1913  to  1915. 


Best  variety,  1911  to  1915. 


Yield 
per 
acre. 


I 


Centi. 
1.23 
1.38 
1.35 


Pounds. 
1,572 
1,485 
1,296 


Value 
per 
acre. 


Name. 


119.33    Mariout 

20.49  Kherson 

17.50  '  Early  Baart... 


Yield 
per 
acre. 


Value 
per 
acre. 


Pounds. 
1,646 
1,402 
1,362 


$20.35 
19.36 
IS.  39 


Table  XX  shows  that  oats  lead  in  value  per  acre  of  the  three  cereals 
for  the  three  years,  1913  to  1915,  barley  being  second  and  wheat 
third. 

There  is  little  difference  in  acre  value  between  the  crops  when  only 
the  highest  yielding  variety  of  each  crop  is  considered.  Both  oats 
and  barley,  however,  have  given  higher  yields  in  pounds  per  acre 
than  spring  wheat,  ^nd  the  value  per  acre  based  on  the  10-year  aver- 
age farm  price  of  these  highest  yielding  varieties  is  highest  for  the 
barley,  with  oats  $1  and  wheat  $1.96  per  acre  less. 

SPRING  BMMER. 

Spring  emmer  has  had  a  thorough  trial  at  the  substation.  It  is 
apparently  less  drought  resistant  than  wheat,  oats,  and  barley.  The 
acre  yields  have  been  considerably  less  than  those  of  most  varieties  of 
other  spring  grains.  Spring  emmer  (frequently  advertised  as  spelt 
by  seed  companies)  is  apparently  not  so  well  adapted  to  Columbia 
Basin  conditions  as  either  oats  or  barley. 

» statistics  of  principal  crops.    U.  S.  Dept.  Agr.  Yearbook,  1916,  p.  423,  435,  441.    1916. 
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One  variety  (C.  I.  No.  1524)  has  been  tested  since  1911,  and  the 
highest  acre  yield  has  been  31.5  bushels  of  32  pounds  each.  The 
average  yield  in  the  five  years  was  21.8  bushels  per  acre,  or  less  than 
half  the  number  of  pounds  per  acre  yielded  by  Kherson  oats  or 
Mariout  barley  in  the  same  period. 

GRAIN  SORGHUMS. 

Several  varieties  of  the  grain  sorghums,  including  Manchu  and 
White  kaoliang,  milo,  feterita  (Sudan  durra),  and  kafir,  have  been 
tried,  but  with  the  exception  of  Manchu  kaoliang  all  have  been  dis- 
carded. The  cold  spring  weather  m  this  section  makes  it  difficult 
to  secure  good  stands  of  most  varieties  of  sorghums. 

The  Manchu  kaohang  has  given  the  best  results,  but  the  yields  have 
not  been  large  enough  to  recommend  this  crop  for  trial  by  fanners. 

Two  varieties  of  broom  corn  have  also   been  grown.     Fair  seed 

yields  have  been  obtained,  but  the  brush  produced  has  been  of  poor 

quality. 

SUMMARY. 

Cooperative  experiments  wqth  cereals  have  been  conducted  at  the 
Moro  substation  during  the  five  years,  1911  to  1915,  inclusive. 

Moro  is  located  in  Sherman  Coimty,  in  the  north-central  part  of 
Oregon,  on  the  rolling  hills  of  the  Ck)lumbia  Basin,  about  15  miles 
from  the  Columbia  River. 

The  elevation  of  the  substation  is  approximately  2,000  feet.  The 
soil  and  climate  are  typical  of  a  large  part  of  the  Columbia  Basin  in 
Oregon  and  Wasliington. 

The  average  annual  precipitation  at  t)r  near  Moro  in  the  past  11 
years  has  been  11.35  inches.  The  average  seasonal  precipitation 
(March  to  July,  inclusive)  in  the  five  years,  1911  to  1915,  inclusive, 
was  3.83  iuclios. 

The  average  evaporation  from  a  free  water  surface  was  45.07 
inclies  during  the  seven  months,  April  to  October,  inclusive,  in  the 
five  yeai-s,  1911  to  1915,  inclusive. 

Tlie  ratios  of  evaporation  to  seasonal  precipitation  and  to  annual 
precipitation  are  higher  at  the  Moro  substation  than  at  the  substa- 
tions at  Nephi,  Utah,  or  Moccasin,  Mont. 

The  average  frost-free  period  in  the  five  years,  1911  to  1915,  in- 
clusive, was  155.8  da}^.  The  average  date  of  the  last  frost  (32**  F.) 
in  the  spring  was  May  2,  and  of  the  first  frost  in  the  fall,  October  5. 

Tlie  average  wind  velocity  for  the  years  1911  to  1915,  inclusive, 
was  5.9  miles  per  hoiu*. 

The  experimental  work  with  grains  at  the  Moro  substation  in- 
cludes varietal  testing  and  breeding,  crop  rotation,  and  tillage  experi- 
ments. Only  the  results  of  varietal  experiments  with  spring  grains 
are  reported  in  this  bulletin. 
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Seventy-six  varieties  of  spring  wheat  have  been  tested  for  two 
or  more  years.  Early  Baart  wheat  (C.  I.  No.  1697)  produced 
the  highest  average  yield,  22.2  bushels  per  acre,  in  the  five  years, 
^tOll  to  1916,  inclusive.  The  selection  from  Koola  (C.  I.  No. 
'2203-2)  gave  the  highest  three-year  average  yield,  27.7  bushels  per 
acre,  in  the  years  1913,  1914,  and  1915. 

The  average  yield  of  14  varieties  of  common  and  club  wheat 
varieties  in  1913,  1914,  and  1915  exceeded  the  average  yield  of  two 
durum  varieties  by  3.5  bushels  per  acre.  The  average  yield  of  the 
highest  yielding  conmion  wheat  exceeded  the  average  yield  of  the 
highest  yielding  durum  wheat  by  7.7  bushels  per  acre  in  the  same 
period. 

Milling  and  baking  tests  of  several  of  the  spring-wheat  varieties 
grown  at  the  Moro  substation  have  been  made  by  the  Plant  Chemi- 
cal Laboratory  of  the  Bureau  of  Chemistry  of  the  United  States 
Department  of  Agriculture.  These  tests  indicate  that  most  of  the 
varieties  are  as  good  as  and  some  are  better  milling  wheats  than  the 
Pacific  Bluestem,  which  is  the  standard  spring  wheat  of  the  Colimi- 
bia  Basin. 

Date-of-seeding  experiments  with  Pacific  Bluestem  spring  wheat 
indicate  that  seeding  as  early  in  the  spring  as  possible  gives  the  best 
results. 

Rate-of-seeding  experiments  with  the  Pacific  Bluestem  variety 
indicate  that  for  early  spring  seeding  about  5  pecks  per  acre  is  the 
best  rate.  For  late  seeding  3  pecks  per  acre  produced  the  highest 
yields. 

Of  the  oat  varieties  imder  experiment,  the  early  varieties,  like 
Kherson  and  Sixty-Day,  have  given  the  best  results,  though  Siberian, 
a  variety  maturing  in  midseason,  has  given  yields  practically  as  high 
as  the  Sixty-Day  and  Kherson  in  a  5-year  average. 

Forty-two  varieties  of  spring  barley  have  been  tested,  and  5-year 
average  yields  obtained  for  13  varieties.  The  variety  giving  the 
highest  average  yield  in  the  five  years  was  Mariout,  C.  I.  No.  261,  a 
6-rowed  form,  yielding  34.3  bushels  per  acre.  The  2-rowed  forms 
White  Smyrna  and  Hannchen  produced  average  yields  in  the  same 
period  of  33  and  32.2  bushels  per  acre,  respectively. 

Spring  enuner  has  not  given  as  good  resulta  as  spring  barley  or  oats. 

The  grain  sorghimis  have  not  produced  profitable  returns.  Of  the 
varieties  tested,  Manchu  kaoliang  is  the  most  promising. 

The  5-year  average  acre  yield  in  poimds  of  the  highast  yielding 
varieties  of  the  three  leading  cereals  was  as  follows:  Wheat,  1,362 
pounds;  oats,  1,402  poimds;  barley,  1,646  pounds. 

Based  on  the  10-year  average  farm  price  of  these  cereals  in  Oregon, 
the  acre  value  of  wheat  would  be  $18.39;  oats,  $19.35;  and  barley, 
$20.35. 
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INTRODUCTION. 

Orange  and  lemon  trees  in  California  are  subject  to  a  functional 
disturbance  known  as  mottle-leaf,  which  in  its  advanced  stages 
results  in  a  marked  reduction  in  the  yield  and  quality  of  the  fruit. 
The  characteristics  of  mottle-leaf  have  been  discussed  in  a  recent 

»The  writers  take  this  opportunity  to  express  their  obligation  to  the  University  of 
California  Citrus  Experiment  Station  and  Oraduate  School  of  Tropical  Agriculture  at 
Riverside  for  the  courtesies  and  facilities  extended  during  the  course  of  this  work, 
and  to  the  growers  who  have  placed  groves  at  the  disposal  of  the  Government  for 
experimental  purposes  and  who  have  provided  the  labor  and  materials  necessary  for 
the  prosecution  of  the  field  experiments. 
68279»— Bull.  499—17 1 
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paper*  dealing  with  a  field  and  laboratory  study  of  the  relation  af 
mottle-leaf  to  soil  conditions.  In  that  paper  it  was  shown  by  statis- 
tical methods  that  the  percentage  of  mottling  in  120  orange  groTcs 
studied  was  inversely  correlated  to  the  extent  of  0.67  with  the 
humus  content  of  the  soil,  as  represented  by  the  organic  matter  ex- 
tracted with  4  per  cent  ammonium  hydroxid  and  determined  colori- 
metrically  by  comparison  with  a  freshly  prepared  gravimetric  stand- 
ard. In  other  words,  one-half  of  the  mottling  is  associated  with  and 
is  apparently  due  to  a  deficiency  in  the  humus  ccmtent.  The  in- 
vestigations of  Schreiner  and  his  colleagues,  Shorey,  Lathrop,  and 
Walters,  have  demonstrated  that  the  organic  matter  extracted  from 
soil  by  an  alkaline  solution  is  a  varying  mixture  of  numerous  organic 
compounds  having  widely  different  properties.^  If  the  humus  com- 
ponents which  are  active  and  perhaps  essential  in  maintaining  die 
nutrition  of  the  orange  trees  could  have  been  separated  from  tilie 
mixture,  a  still  higher  inverse  correlation  would  probably  have  been 
obtained  between  the  amount  of  these  essential  or  active  constituents 
and  the  percentage  of  mottling.  The  analytical  difficulties  involved, 
however,  combined  with  the  incompleteness  of  our  knowledge  regard- 
ing the  active  constituents  of  the  humus,  made  such  a  procedure  im- 
practicable. 

Mottle-leaf,  however,  is  apparently  not  associated  wholly  with  the 
low  humus  content  of  the  soil.  Groves  which  have  been  fertilized 
chiefly  with  manure  and  green  cover  crops  are  by  no  means  always 
free  from  mottle-leaf.  The  evidence  collected  in  the  above-mentioned 
field  survey  indicated  that  the  furrow  system  of  irrigation  and  the 
intensive  surface  cultivation  in  vogue  in  these  districts  may  be  in 
part  responsible  for  the  deterioration  of  the  groves.  The  present 
bulletin  deals  with  an  investigation  of  this  phase  of  the  problem. 
Special  attention  is  given  to  a  new  method  of  citrus  culture,  whidi 
the  writers  have  termed  the  mulched-basin  system,  in  which  the  trees 
are  irrigated  by  means  of  basins  heavily  mulched  with  organic  ma- 
terial, the  soluble  organic  compounds  resulting  from  the  decompo- 
sition of  the  mulch  being  carried  by  the  irrigation  water  into  the  soil 
The  soil-moisture  conditions  and  the  yields  under  the  mulched-basin 
system  and  the  furrow-irrigation  system  are  compared,  and  Ae 
results  of  determinations  of  the  rate  of  increase  of  the  humus  content 
of  the  soil  under  the  mulched-basin  system  are  presented. 

1  BrlggB,  L.  J.,  Jensen,  C  A.,  and  McLane,  J.  W.  Mottle-leaf  of  citrns  treee  In  relattan 
to  BoU  conditions.  In  Jour.  Agr.  Research,  v.  6,  no.  19,  p.  721-739;  pL  H  and  9«-«7. 
1916. 

*  Schreiner,  O.,  and  Shorey,  E.  C.  Chemical  nature  of  soil  organic  matter.  F.  S.  Dept 
Agr.,  Bur.  Soils  Bui.  74,  48  p.,  1  pi.     1910. 

Lathrop,  E.  C.  Protein  decomposition  in  soils.  In  Soil  Science,  v.  1,  no.  6,  p.  50^ 
582.     1916. 
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CULTURAL  PRACTICE  IN  THE  CITRUS  DISTRICTS  OF  CALIFORNIA. 

Irrigation  is  necessary  in  all  the  citrus  districts  of  California,  the 
rainfall  being  confined  almost  wholly  to  the  winter  months.  The 
location  of  many  of  the  groves  on  high  land  near  the  foothills,  in 
order  to  lessen  the  danger  of  frost  injury,  has  necessitated  pumping 
water  to  high  levels,  with  a  proportionate  increase  in  the  cost.  The 
limited  water  supply  and  its  high  cost  have  in  turn  led  to  the  nearly 
imiversal  practice  of  maintaining  a  deep  soil  mulch  throughout  the 
grove  during  the  summer  months,  in  order  to  conserve  the  moisture 
supply  as  much  as  possible. 

The  groves  are  usually  irrigated  through  furrows  about  every  30 
days  during  the  summer.  Three  to  five  furrows  are  made  between 
the  tree  rows,  extending  through  the  mulch  to  the  imcultivated  soil. 
As  soon  as  the  soil  is  dry  enough  after  irrigation  to  permit  working, 
the  furrows  are  closed  and  the  mulch  again  established.  In  the 
Riverside  district  the  furrows  are  not,  as  a  rule,  led  under  the  trees  or 
between  the  trees  in  the  tree  row,  so  that  the  soil  in  the  tree  row 
(nearly  half  the  total  area)  receives  no  irrigation  water  directly. 
The  lateral  movement  of  water  in  many  of  the  soils  studied  is  so 
slight  that  the  soil  in  the  tree  row  receives  very  little  water  during 
the  summer  and  often  becomes  very  dry  and  hard. 

The  feeding  root  system  of  citrus  trees  is  usually  shallow,  and  deep 
plowing  results  in  a  severe  root  pruning.  It  is  perhaps  on  this  ac- 
count that  deep  plowing  is  not  more  often  practiced.  Cover  crops  are 
sometimes  grown  during  the  winter,  and  these  are  plowed  under  if 
heavy;  but  the  disk  harrow  is  more  commonly  used  to  work  manure 
and  fertilizer  into  the  soil. 

ACCUMULATION  OF  PLANT  FOOD  IN  THE  SURFACE  SOIL  UNDER  FURROW 

IRRIGATION. 

The  bottom  of  the  irrigation  furrow  is  usaally  below  the  cultivated 
soil.  The  water  is  consequently  appHed  for  the  most  part  below  the 
soil  containing  the  fertilizer.  During  irrigation  the  water  moves 
upward  by  capillary  action  from  the  bottom  of  the  furrow  into  the 
surface  soil  containing  the  fertilizer,  but  there  is  little  or  no  down- 
ward movement  of  the  water  through  the  fertilized  layer  of  soil  into 
the  root  zone.  After  irrigation  the  upward  capillary  movement  of 
the  soil  solution  continues  for  a  time,  the  soluble  salts  being  carried 
to  the  surface,  where  they  are  deposited  as  the  moisture  evaporates. 
The  result  is  that  the  plant-food  elements  reach  the  root  zone  very 
slowly,  the  tendency  being  for  the  soluble  constituents  to  accumulate 
in  the  cultivated  surface  soil,  where  there  is  practically  no  root  de- 
velopment. It  is  only  during  the  rainy  season  that  there  is  any  ap- 
preciable downward  movement  of  the  water  through  this  surface  soil 
into  the  root  zone. 
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The  accumulatiou  of  the  soluble  soil  constituents  near  the  surface 
is  strikingly  in  evidence  during  the  summer  months  in  almost  any 
heavily  fertilized  grove  imder  furrow  irrigation.  The  sides  of  the 
furrows  and  the  surface  of  the  ridges  between  the  furrows  will  be 
found  coated  with  a  brown  crust  which  closely  resembles  an  ordinary 
"  alkali  "  crust  as  seen  in  saline  districts..  This  crust  has  been  foimd 
by  Breazeale  to  be  so  rich  in  soluble  salts  that  it  will  kill  young  seed- 
ling oranges  or  lemons,  the  seedlings  sometimes  dying  overnight. 
The  soils  of  the  area  do  not  normally  contain  enough  soluble  matter 
to  bear  any  resemblance  to  "  alkali"  soils;  but  these  surface  crusts 
illustrate  very  strikingly  the  tendency  under  this  system  of  fertili- 
zation and  irrigation  of  the  soluble  constituents  to  move  into  and 
accumulate  in  the  surface  soil. 

PLOWSOLE. 

Furrow  irrigation  and  intensive  surface  cultivation  often  promote 
the  formation  of  a  "  plowsole,"  or  incipient  hardpan,  under  the  soil 
mulch,  varying  in  thickness  from  3  inches  to  2  feet.  This  layer 
of  soil  beneath  the  mulch  frequently  becomes  so  hard  as  to  polish 
under  the  point  of  the  plow  when  the  irrigation  furrows  are  opened. 
A  long  time  is  required  for  irrigation  water  to  penetrate  it,  and  it 
offers  a  serious  obstacle  to  the  development  of  the  roots  of  citrus 
trees.  Deep  plowing  loosens  the  plowsole  temporarily,  but  destroys 
the  roots  to  the  depth  of  plowing,  and  the  plowsole  soon  forms  again. 

ORGANIC  MULCHING. 

The  study  of  the  cause  of  mottle-leaf  led  to  experiments  having 
as  their  object  the  development  of  a  method  of  fertilizing  and  irrigat- 
ing citrus  trees  which  would  avoid  the  objections  of  the  present  sys- 
tem. The  use  of  surface  mulches  of  organic  material,  such  as  straw, 
manure,  damaged  alfalfa,  etc.,  as  a  substitute  for  the  intensive  culti- 
vation was  suggested  in  1912  b^  one  of  the  writers  as  a  possible  solu- 
tion of  the  problem.^  A  trial  of  the  organic  surface  mulch  was 
inaugurated  in  1913  on  a  small  field  plat  of  lemons  on  the  Limoneria 
Ranch  near  Santa  Paula,  Cal.  Under  date  of  February  24,  1915, 
Mr.  James  Culbertson,  assistant  manager  of  the  Limoneira  Co.,  re- 
ported upon  this  experiment  as  follows: 

You  win  doubtless  remember  our  discussion  ...  a  year  ago  last  Dec«nber 
when  the  possible  value  of  mulching  as  a  corrective  for  chlorosis  was  the  t<^c. 
Upon  reaching  home  I  had  three  short  rows  thoroughly  mulched,  one  ^th 
sawdust  one  with  bean  straw,  and  the  third  with  fairly  well  rotted  manure. 
They  were  not  in  the  worst  affected  areas.    Later  in  the  spring,  in  May,  when 

1  At  a  meeting  of  the  California  Lemon  Club,  at  which  this  idea  was  advanced,  Prot 
H.  S.  Fawcett,  of  the  University  of  California  Citrus  Experiment  Station,  reported  as 
orange  grove  on  an  island  near  the  eastern  coast  of  Florida  that  for  many  years  had 
been  successfully  operated  under  the  mulching  system  without  cultiTatlon ;  and  be  bas 
since  observed  the  organic  mulch  in  use  in  Cuba. 
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Prof.  Fawcett  had  returned  from  a  trip  to  Florida  and  Cuba  and  brought  back 
rei)orts  of  having  seen  very  marked  recovery  of  trees,  apparently  similarly 
affected,  brought  about  by  heavy  mulch,  we  selected  six  rows  49  trees  long 
through  the  very  center  of  our  worst  affected  area.  We  first  plowed  the  ground 
and,  after  running  three  large  furrows  for  irrigation,  covered  three  of  these 
rows,  spaces  and  all,  with  manure  and  three  of  them  with  bean  straw  to  a  depth 
of  4  to  6  inches.  From  the  road  in  the  valley  below  looking  up  toward  the  hill 
slope  where  this  orchard  lies  one  can  see  these  six  rows  standing  out  in  contrast 
like  a  belt  of  green  ribbon  across  a  yellow  background.  It  is  remarkable,  and 
all  in  nine  months.  Later  observations  from  the  near-by  hills  reveal  the  fact 
that  the  small  tract  mulched  over  two  years  ago  is  also  darker  green  than  the 
surrounding  orchard,  though  the  contrast  is  not  so  great,  because  It  lay  among 
healthy  trees  and  was  itself  a  group  of  normal  trees.* 

While  surface  mulching  of  orchard  trees  in  humid  regions  with 
organic  material  has  long  been  practiced  on  a  small  scale,  it  has  not, 
in  the  United  States  at  least,  been  followed  to  any  great  extent.  The 
results  of  recently  reported  investigations  in  Pennsylvania  by  Stew- 
art *  indicate,  however,  that  surface  mulches  of  strawy  manure,  alfalfa 
hay,  or  other  organic  material  may  be  used  with  advantage  and  profit 
in  the  culture  of  apples  on  a  commercial  scale.  Stewart  summarizes 
his  investigations  in  part  as  follows: 

In  general  the  mulch  treatment,  reinforced  by  outside  materials,  has  been 
most  efficient  in  Improving  the  yield,  growth,  and  average  size  of  fruit  in 
orchards  up  to  about  20  years  of  age.  In  older  orchards  it  has  been  surpassed 
slightly  by  tillage  and  cover  crops,  unless  accompanied  by  adequate  fertilization. 
It  has  also  been  most  efficient  in  conserving  moisture  In  all  cases  that  have  been 
determined. 

The  crop  value  of  the  present  mulch  has  averaged  76i  bushels  per  acre 
annually  in  the  seven  normal  comparisons  available.  Its  annual  gain  over 
tillage  and  cover  crops  has  averaged  15.8  bushels  per  acre  in  the  same  experi- 
ments. The  mulch  is  therefore  a  valuable  treatment  when  properly  managed 
and  when  mulching  materials  are  available  at  not  over  $7  per  ton,  unless 
tUlage  is  not  practicable.  All  mulches  should  be  kept  at  least  a  foot  away  from 
the  tree  trunks,  and  a  greater  distance  is  desirable  as  the  trees  enlarge. 

Fawcett,^  of  the  California  Citrus  Experiment  Station,  has  re- 
cently made  the  following  observations  regarding  the  use  of  organic 
mulches  in  citrus  groves  in  Cuba,  where  the  distribution  of  the  rain- 
fall is  similar  to  that  in  Florida,  the  greater  part  occurring  during 
the  summer  months: 

At  Herradura,  Prof.  F.  S.  Earle  showed  the  writer  a  grapefruit  grove  on  clay- 
loam  soil  underlain  with  stiff  clay,  where  part  of  the  grove  had  been  mulched 

^As  this  bulletin  Is  going  to  press  Mr.  Culbertson  informs  the  writers  that  the  six 
rows  of  mulched  trees  yielded  36  per  cent  more  fruit  in  1916  than  the  adjacent  six  rows 
of  unmulched  trees,  although  at  the  beginning  of  the  experiment  the  rows  selected  for 
mulching  were  the  lowest  yielding  rows  in  the  block.  At  the  present  time  (winter  of 
1916-17),  however,  the  mulched  rows  are  again  becoming  yellow,  so  that  the  future 
success  of  the  surface  mulch  is  still  uncertain. 

*  Stewart,  J.  P.  Cultural  methods  in  bearing  orchards.  Penn.  Agr.  Exp.  Sta.  Bui.  141, 
28  p.,  4  fig.     1916. 

'Fawcett,  H.  S.  A  comparison  of  some  citrus  conditions  in  Florida,  Cuba,  and 
California.  /»  Mo.  BuL  Cal.  State  Com,  Hort.,  v.  5.  No.  9.  p.  821-387,  fig.  108-117. 
1916. 
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all  over  the  ground.  Tlie  soil  iu  this  orchard  was  uniform,  and  the  trees  were 
all  of  the  same  age — seven  years.  Part  of  the  rows  had  been  heavily  malched 
all  over  the  ground  with  vegetable  matter,  grass,  and  weeds  for  three  years, 
part  of  it  for  two  years,  part  for  li  years,  and  another  part  for  nine  months 
only.  A  few  rows  iu  the  middle  of  the  orchard  had  not  been  mulched  at  all, 
but  had  been  plowed  and  cultivated  to  conserve  moisture  during  the  dry 
season,  during  the  whole  i)eriod  of  seven  years.  The  difference  between  the 
mulched  and  unmulched  trees  was  very  marked  and  almost  beyond  belief. 
The  trees  mulched  for  three  years  past  without  cultivation  had  foliage  of 
good  color,  were  vigorous,  comparatively  free  from  scale  insects,  bearing  a 
large  amount  of  smooth-skinned,  bright  fruit,  and  the  trees  were  ti^'o  to  four 
times  as  large  in  diameter  of  trunk  and  two  to  four  times  as  large  in  spread 
of  branches.  The  trees  were  also  free  from  chlorosis.  On  the  unmulched  tract 
the  trees  were  small,  stunted,  with  small  yellow,  starved-looking  leaves,  with 
limbs  dying  back,  and  with  only  a  very  few  fruits,  these  being  russeted  and  in- 
ferior in  quality.  There  was  at  least  four  to  six  times  as  much  fruit  on  the 
mulched  as  on  the  unmulched  trees.  The  trees  mulched  for  two  yedrs  instead 
of  three  also  showed  a  proportional  Improvement  Even  the  trees  mulched  for 
only  nine  months  showed  markeil  improvement  in  color  and  the  amount  of  the 
last  new  growth.  The  improvement  in  this  orchard  was  in  definite  proportion  to 
the  length  of  time  the  soil  had  been  covered  with  vegetable  mulch. 

At  Santiago  de  las  Vegas  on  heavy,  re<l,  sticky  soil,  Mr.  H.  A.  Van  Herman 
had  been  mulching  heavily  all  over  the  soil  for  the  last  five  years  and  had 
stoppetl  cultivating  entirely  during  that  time.  Previous  to  that  he  had  prac- 
ticed deep  and  frequent  cultivation,  and  the  trees  were  said  to  have  gone  back 
rather  than  forward.  Since  beginning  this  heavy  mulching,  the  trees  have 
grown  rapidly,  are  healthy  and  green  in  appearance,  and  have  on  them  a 
large  crop  of  fruit.  Mr.  Van  Herman  was  one  of  the  first  to  advocate  heavy 
mulching  all  over  the  ground  as  a  general  practice  in  Cuba,  He  is  con- 
vinced that  it  is  the  proper  practice  for  most  soils  in  a  climatic  condition  like 
that  of  Cuba. 

Some  excellent  groves  were  seen,  however,  on  red  clay  soils,  and  also  on  deep 
clay-loam  soils  where  a  system  of  nearly  clean  cultivation  was  used,  plowing 
in  large  amounts  of  organic  matter  and  fertilizing  liberally  with  commercial 
fertilizer.  Many  growers  were  placing  a  vegetable  mulch  directly  under  the 
trees,  but  cultivating  and  raising  summer  cover  crops  between  the  rowa 

Dr.  Felix  Lohnis,  of  the  Bureau  of  Plant  Industry,  informs  the 
writers  that  a  permanent  organic  mulch  is  often  employed  in  the 
culture  of  fruit  trees  in  Germany,  especially  along  the  roadsides. 
Leaves,  straw,  manure,  and  other  organic  material  are  used  for  tliis 
purpose.  Coarse  peat  is  also  extensively  used  as  a  mulching  ma- 
terial in  districts  where  it  is  available. 

THE  MULCHED  BASIN. 

In  1913  an  opportunity  was  presented  to  lay  out  an  experimental 
tract  in  a  commercial  orange  grove  at  Sunny  Mountain,  near  River- 
side, Cal.,  to  test  further  the  effect  of  mulching  without  cultivation- 
At  this  time  it  was  decided  to  combine  mulching  with  a  basin  method 
of  irrigation,  and  accordingly  each  tree  in  the  section  of  the  grove 
selected  was  basined  by  throwing  up  dikes  6  to  8  inches  high  midway 
between  the  tree  rows  in  both  directions,  so  that  each  dike  formed  a 
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common  division  bank  of  two  basins.^  These  square  basins  were 
mulched  with  manure  in  1913,  and  in  1914  they  received  another 
mulching  of  manure  (25  to  30  cubic  feet  per  tree)  and  about  75 
poimds  of  barley  straw  on  top  of  the  manure.  In  the  summer  of 
1915,  each  basin  received  1^  bales  of  damaged  alfalfa  hay. 

The  experiment  included  three  rows  of  16  trees  each,  making  48 
trees  in  all,  or  approximately  one-half  acre.  The  irrigation  water 
was  applied  by  turning  the  water  into  the  upper  basin  of  each  row 
separately  and  allowing  it  to  overflow  into  the  next  basin  below,  and 
so  down  the  entire  row.  This  method  of  irrigation  was  found, 
however,  to  be  unsuitable  to  the  deep  sandy  loam  soil  of  this  tract. 
The  upper  basins  were  under  water  too  Icmg  a  time  before  the  lower 
basins  were  irrigated,  and  the  water  at  the  upper  end  of  the  row 
penetrated  the  subsoil  below  the  zone  occupied  by  the  principal  feed- 
ing roots  of  the  trees,  resulting  in  waste.  In  order  to  exercise  both 
control  and  economy  of  irrigation  water,  it  is  necessary  to  run  a 
furrow  down  the  entire  length  of  the  row  just  outside  the  basins,  so 
that  each  basin  can  be  irrigated  separately.  This  procedure  was 
subsequently  adopted  and  is  the  one  usually  followed  by  growers  who 
are  installing  mulched  basins  on  a  commercial  scale. 

MOISTURE  DETERMINATIONS  IN  THE  SUNNY  MOUNTAIN  GROVE. 

At  intervals  during  1914  duplicate  soil  samples  were  taken  to  a 
depth  of  7  feet  in  two  basins  near  the  upper  end  of  the  middle  row 
of  basins,  and  similar  samples  were  taken  in  two  basins  near  the 
lower  end  of  the  same  row,  the  two  outside  basined  rows  being  consid- 
ered as  guard  rows.  Similarly,  duplicate  samples  were  taken  in  the 
furrow-irrigated  part  of  the  grove  two  tree  rows  distant  from  the 
basined  tract,  the  trees  selected  for  sampling  being  opposite  the 
basined  trees  sampled. 

In  Table  I  are  given  the  results  of  moisture  determinations  made 
in  this  experimental  tract  during  the  seasons  of  1914  and  1915.  In 
1914  the  total  moisture  averaged  about  3.7  per  cent  higher  in  the 
basins  than  in  the  check.  The  moisture  available  for  growth  in  the 
first  3  feet  of  soil  in  the  basins  also  averaged  3.8  per  cent  higher  than 
in  the  check,  being  an  equivalent  of  approximately  4  miner's  inches 
per  acre  flowing  24  hours.  It  will  also  be  noticed  (sec.  C)  that  while 
the  first  3  feet  of  soil  under  the  basins  never  dried  down  to  the 
wilting  coefficient,  the  first  3  feet  of  soil  in  the  check  dried  out  below 
that  percentage  three  times  during  the  two  years,  and  at  four  other 

1  While  the  mulched  hasln  was  developed  independently  by  the  writers,  we  have 
since  learned  that  Mr.  J.  R.  Hodiires  Installed  several  mulched  basins  in  a  ?rove  at 
Oovina,  Cal.,  at  an  earlier  date  (1911).  So  far  as  the  writers  know,  this  was  the 
first  use  of  the  system. 
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periods  during  the  two  seasons  the  wilting  coefficient  was  nearly 
reached.  In  other  words,  the  trees  in  the  check  were  wilted  three  times 
during  the  two  summer  seasons,  while  the  trees  in  the  basins  never 
wilted.  It  will  be  seen  from  a  comparison  of  sections  C  and  D  that 
this  wilting  took  place  with  available  moisture  in  the  fourtii  foot 
of  soil. 

Table  I. — Average  percentages  of  total  and  avaUahle  aoU  moisture  in  the  iSimny 
Mountain  grove,  California,  in  1914  and  1915, 

[Note.— A  miner's  inch  of  water  flowing  24  hours  wOl  increase  the  moisture  oofntent  of  an  acre  of  aofl  teppttar 
imately  1  x>er  cent  to  a  depth  of  3  feet.] 


Soil  treatment,!  1914. 


July?. 


Aug.l. 


Before 
irriga- 
tion, 
Aug.15. 


S^t2. 


Before 
irriga- 
tion, 

S«pt21. 


After  frrigatkm.  Before 
irriga- 
.  tioii, 
Oct.  6.   Nov.  4.^ov.30. 


Arer- 
agefdr 


A  .—Total  in  the  first  3  feet: 

Mulched 

Cultivated 

£.— Total  in  the  second  3  feet 

Mulched 

Cultivated 

C— Available  in  the  first  3 
feet: 

Mulched 

Cultivated 

D.— Available  in  the  second 
3  feet: 

Mulched 

Cultivated 


0.4 
6.7 


10.8 
8.6 


2.6 
2.0 


4.2 
1.1 


12.2 

7.7 


11.3 
9.1 


3.2 
1.0 


4.2 
2.4 


8.9 
5.9 


10.4 
8.9 


2.5 
.6 


4.2 
2.6 


12.9 
8.9 


9.9 
9.2 


6.2 
3.6 


3.4 
2.5 


8.2 
6.5 


10.1 
8.3 


1.7 
-.6 


3.6 
2.0 


16.2 
11.3 


U.9 
7.9 


&5 
3.3 


5.3 
3.5 


18.8 
14.6 


15.9 
1L8 


13.1 
8.4 


9.8 
5.3 


11.1 
6.5 


ILO 
7.9 


4.7 
.6 


4.8 
1.8 


13.1 
S.3 


11.3 
7.7 


fi.3 
1.5 


4.9 

3.5 


Dates  of  sampling  before  and  after  IrrigatlGD. 


Son  treatment,!  1915. 


f 


I 

r 


.^ 


t 


I. 


I. 


n 


A  .—Total  in  the  first  3  feet: 

Mulched 

Cultivated 

B.— Total  in  the  second  3 
feet: 

Mulched 

Cultivated 

C— Available  in  the  first  3 
feet: 

Mulched 

Cultivated 

2>.— Available  in  the  second 
3  feet: 

Mulched 

Cultivated 


8.8 
7.2 


10.6 
6.8 


2.7 
1.8 


4.6 
2.6 


17.8 
15.1 


12.8 
11.5 


10.9 
9.1 


6.6 
5.3 


9.6 
8.6 


10.4 
10.0 


2.8 
2.5 


3.8 
3.3 


11.8 
11.2 


12.2 
10.3 


7.8 
5.2 


6.0 
4.6 


8.7 
5.9 


10.0 
9.6 


2.7 

.7 


4.9 
3.8 


14.4 
10.4 


11.5 
9.8 


7.8 
3.8 


4.2 
3.4 


9.4 
5.6 


11.0 
9.0 


3.9 
.5 


5.1 

4.8 


14.7 
9.9 


11.5 
9.0 


8.6 
4.4 


5.7 
3.8 


9.1 
5.0 


10.1 
7.4 


8.1 
-.6 


3.8 
3.3 


13.9 
ia9 


11.7 
8.7 


7.3 
5.5 


5.8 
3.8 


9.8 
4.3 


ia4 
7.8 


3.6 
-1.3 


4,7 
1.0 


11.6 

&6 


11. 1 
9.1 


S.4 
8.9 


5.0 
3.3 


1  The  mulched  treatments  were  with  basin  irrigation;  the  cultivated,  with  furrow  irrigatioa. 

SOIL-MOISTURE    MEASUREMENTS    IN    BASINS,    UNDER    COVrat 
CROPS,  AND  UNDER  A  SOIL  MULCH  IN  THE  VIVIENDA  GROVE. 

In  the  spring  of  1915  a  more  extended  series  of  experiments  was 
started  in  an  orange  grove  on  sandy  loam  soil  in  the  Vivienda  tract, 
near  Riverside.  This  soil  is  a  little  heavier  than  that  of  the  Sunny 
Mountain  grove.  • 


Digitized  by 


Google 


MULCHED-BASIN   SYSTEM  OF   IRBIGATED  CITRUS  CULTUBE. 


9 


The  treatments  included  (1)  spreading  manure  broadcast  in  the 
irrigated  space  between  the  tree  rows  and  disking  it  in;  (2)  burying 
the  manure  in  a  circular  trench  18  inches  wide  and  12  inches  deep, 
located  under  the  drip  of  the  tree;  (3)  applying  the  manure  as  a 
surface  mulch  in  the  basin,  which  was  approximately  15  feet  in  diam- 
eter, with  the  tree  in  the  center;  (4)  trenches  containing  alfalfa  in 
place  of  manure;  (5)  basins  mulched  with  alfalfa  in  place  of  manure; 

(6)  sweet  clover  as  an  irrigated  cover  crop  between  the  tree  rows; 

(7)  barley  as  an  irrigated  cover  crop;  and  (8)  the  usual  disk  culti- 
vation and  furrow  irrigation  as  a  check.  The  treatments  were  also 
repeated  with  the  addition  per  tree  of  about  100  poimds  of  flue  dust 
from  the  neighboring  cement  works,  having  the  following  compo- 
sition (analysis  by  J.  F.  Breazeale) : 

Per  cent. 

Calcium  carbonate 53.40 

Calcium  oxld 1 13.16 

Calcium  sulphate 8. 89 

Phosphoric  acid  (PaO.) .18 

Potash  (K.0) .95 

Insoluble  (in  dilute  HCl) 13.73 

Twenty  cubic  feet  of  manure  per  tree  were  used  in  each  of  the 
manure  experiments,  and  one  bale  of  alfalfa  per  tree  (about  125 
pounds)  was  used  in  each  experiment  with  alfalfa.  A  row  of  orange 
trees  (about  48  trees)  was  used  for  each  treatment,  and  each  alter- 
nate row  was  left  untreated  as  a  guard. 

Table  II. — Average  percentages  of  total  soil  moisture  to  a  depth  of  S  feet  in  the 
Vivienda  grove,  California^  in  1915. 


Dates  of  sampling  before  and  after  Irrigatkn. 

Sofl  treatment. 

9 

1. 

Hi 

Hi    . 
m8 

t 

r 

1 

& 

|. 

& 

1 

i 
1^ 

Hanure: 

Surface  disked 

12.2 
11.3 
12.8 
12.9 

14.0 
12.4 

13.1 
11.3 

12.2 
11.7 
12.5 
12.0 

7.9 
8.9 
7.5 
90 
10.0 

9.2 
9.7 
10.6 

6.7 
6.0 

6.7 
5.9 
8.5 
8.5 

14.2 
14.8 
11.7 
13.9 
14.4 

14.8 
12.2 
13.8 

13.9 
13.5 

14.2 
13.9 
14.9 
14.5 

7.4 
8.0 
7.4 
9.2 
9.0 

7.5 

8.7 

10.4 

4.8 
4.9 

6.7 
5.6 
7.5 

7.7 

14.0 
13.1 
6.5 
11.6 
12.8 

8.7 
11.5 
12.8 

15.1 
14.4 

(») 

7.1 
8.2 
3.3 
8.5 
9.2 

3.4 
8.5 
10.3 

6.9 
5.3 

9.7 

8.6 
4.8 
12.2 
14.8 

3.4 

7.4 
6.7 
6.6 
8.1 
9.4 

8.0 
7.8 
9.8 

I' 

12.3 
13.7 

0) 

11.7 
13.9 

Same,  plus  lime 

In  basins 

7.8  ,  12.8 
7.8     14.1 

6  3 

Same,  plus  lime 

Alblfii: 

Trtfiched 

8.6 

In  basins 

Same,  plus  lime 

Sweet  clover: 

Cover  crop 

6.8     14.0 
9.7     12.3 

6.2 
9.7 

Same,  plus  lime 

Barley: 

Same,  plus  lime 

Disk  cultivated 

14.2 
13.1 

6.2 
6.7 

8.8 
7.9 

6.5 

4.7 

r.i 

Same,  plus  lime 

1 

Basined. 
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Table  II  gives  the  percentage  of  total  moisture  found  in  the  9oil 
under  the  various  treatments.  The  trees  in  the  trenching  experi- 
ments were  irrigated  by  running  a  furrow  over  the  trenches,  the 
assumption  being  that  the  water  would  follow  the  trench  ^idrding 
the  tree  base.  The  basins  were  irrigated  separately  from  a  farrow 
along  the  sides,  and  the  cover  crops  and  disk-cultivated  tree  rows 
(including  treatments  1,  2,  and  8)  were  irrigated  by  furrows  in  the 
usual  manner. 

The  trenches  did  not  take  up  much  water  after  the  first  two  irriga- 
tion&  The  soil  samples  were  taken  directly  in  the  trench,  but  90' 
from  the  point  of  contact  of  the  trench  with  the  irrigation  furrow, 
so  that  to  reach  the  point  of  sampling  the  water  would  have  had  t<< 
move  about  7  feet  in  the  trench.  These  trenched  trees  were  kto* 
basined,  as  they  were  not  being  properly  irrigated,  owing  to  tk 
packing  and  decomposition  of  the  organic  matter  in  the  trenches 

The  barley  did  not  make  a  strong  growth  and  when  nearly  matnre 
was  from  18  to  20  inches  high.  It  was  disked  into  the  soil  in  the 
latter  part  of  July.  The  sweet  clover  was  at  first  slow  in  growtii. 
but  by  the  middle  of  August  it  was  2  to  3  feet  high.  It  was  Urn 
disked  in  and  the  trees  basined. 

The  results  in  Table  II  show  that  the  use  of  the  summer  cora 
crops,  especially  sweet  clover,  resulted  in  a  marked  reduction  of  tb 
water  content  of  the  soil  compared  with  the  other  treatments.  Wrtb 
the  limited  quantity  of  water  available  for  irrigation  in  this  dis- 
trict it  is  not  practicable  to  maintain  a  suitable  supply  of  organi* 
matter  in  the  soil  by  growing  summer  crops.  The  trees  grown  in 
conjunction  with  a  cover  crop  in  these  trials  also  showed  less  new 
growth  during  the  season  than  the  trees  under  the  other  treatments, 
and  the  leaves  were  lighter  in  color.  The  cover  crop,  with  its  fine 
root  system,  secures  so  much  of  the  water  that  the  orange  trees, 
which  have  a  relatively  coarse  root  system  unprovided  with  root 
hairs,  are  bound  to  suffer. 

The  effect  of  the  different  treatments  in  ccmserving  the  growth 
water  ^  is  shown  in  Table  III,  which  gives  the  percentage  of  availabk 
moisture  to  a  depth  of  3  feet  before  irrigation,  this  being  the  critical 
moisture  period.  The  basin  treatment  was  most  effective  in  the  con- 
servation of  moisture,  the  cultivated  rows  were  next  best,  and  culti- 

*  It  \b  well  known  that  a  crop  can  not  remove  all  the  moisture  from  the  soil  in  whScft^ 
is  (growing.  The  percentage  remaining  at  the  time  the  crop  wilts  varies  greatly  with  tb* 
soil  type.  The  wilting  coefficient  of  a  soil  is  defined  as  the  molstare  content  of  the  mL 
(expressed  as  a  percentage  of  the  dry  weight)  at  the  time  when  the  leaves  of  the  pit* 
growing  in  that  soil  first  undergo  a  permanent  reduction  in  their  moisture  content  as  tte 
result  of  a  deficiency  in  the  soil-moisture  supply.  By  a  permanent  reduction  is  raeaat  i 
condition  from  which  the  leaves  can  not  recover  in  an  approximately  saturated  atBes- 
phere  without  the  addition  of  water  to  the  soil.  The  water  in  a  soil  in  excess  of  tc 
wilting  coefficient  is  called  the  **  growth  water ;  *'  that  Is,  it  la  the  portion  avattaMe  fs 
the  growth  of  plants. 
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vation  with  a  surface  application  of  manure  disked  in  appeared  to 
be  slightly  more  effective  than  cultivation  without  manure.  The 
lower  moisture  content  of  the  soil  where  lime  was  added  is  attribu- 
table to  the  fact  that  the  lime  was  used  on  the  lower  ends  of  the  rows 
and  also  to  the  fact  that  the  slope  of  the  land  was  slightly  greater 
at  the  lower  end  of  the  tract,  so  that  the  lime  treatments  received  less 
water.  Incidentally,  this  brings  out  another  important  advantage  of 
the  basin  system,  namely,  that  all  trees  may  be  given  the  same 
amount  of  water  regardless  of  the  physiography  of  the  grove. 

Table  III. — Average  percentages  of  available  soil  moisture  to  a  depth  of  S  feet, 
before  and  after  irrigation,  in  the  Yivienda  grove,  California,  in  1915, 

[Note.— Minus  signs  indicate  that  the  moisture  content  was  reduced  below  the  wilting  coeffloiant.] 


Befdfe  irrigation. 

After  irrigation. 

Son  treatment. 

1 

t 

1 

i 

^ 

^ 

-< 

n 

1 

t 

1 

o6 

i 

1 

Manure: 

Surfooe  disked.... 
Same,  plus  lime.. 

8.3 
3.6 
2.5 
4.1 
4.3 

4.1 
4.2 
4.5 

L8 
.4 

L5 
.5 
8.4 
2.9 

2.7 
3.0 
2.2 
4.1 
3.4 

2.4 
2.8 
4.3 

.4 
-2.4 

2.7 

.2 

2.4 

1.9 

L9 
2.5 
-2.1 
3.3 
3.4 

-2.0 
2.4 
4.0 

LI 

"{ 

-  .3 

2.4 
1.1 
1.1 
2.9 
4.0 

-2.4 
2.1 
4.1 

0) 

^) 

2.9 
2.4 

0) 
1.6 
4.1 

3.0 

'".8* 
3.9 

2.6 
2.6 
.9 
3.1 
3.4 

.5 
2.3 
4.2 

1.1 
-  .9 

2.1 
.4 

L6 
.9 

6.7 
5.4 
7.4 
7.2 

8.2 
6.1 

6.9 

4.8 

6.4 
5.4 
7.1 
5.7 

8.7 
8.8 
6.1 
7.2 
8.4 

9.0 
6.2 
7.5 

8.1 
7.2 

8.6 
7.5 
9.1 
8.3 

9.0 
7.6 
1.4 
6.5 
6.9 

3.4 
6.0 
6.7 

9.7 
8.2 

l 

7.1 

4.9 
2.7 
-  .6 
6.6 
8.6 

-2.0 
5.8 
7.6 

(V 
0) 
6.8 
7.8 

7.6 

^basins 

Same,  plus  lime.. 
AI&Uei: 

Trenched 

7.2 

7.9 

In  basins 

Same,  phis  lime. . 
Sweet  ckiven 

Cover  crop 

7.7 
6.4 

Same,  plus  lime . . 

Barley: 

Cover  crop 

Same,  plus  lime . . 

Disltcultt^ted 

Same,  plus  lime 

-  .3 

-.8 

« 

3.0 
2.7 

fi 

iBasined. 

BASIN  AND  COVER-CROP  EXPERIMENTS  IN  THE  VICTORIA 

GROVE. 

Another  series  of  experiments  was  also  begun  in  the  spring  of 
1915  on  the  Victoria  tract,  near  Riverside,  Cal.,  the  soil  being  a  red- 
clay  loam  with  granite  rock  3  to  4  feet  below  the  surface.  The  upper 
layer  of  this  granite  to  the  depth  of  a  few  inches  is  sufficiently  de- 
composed to  be  removed  with  a  soil  tube,  but  below  this  the  rock  is 
very  hard. 

The  treatments  in  this  grove,  which  were  practically  the  same  as 
those  just  discussed  for  the  Vivienda  grove,  are  given  in  the  first 
column  in  Table  IV,^  which  shows  the  average  moisture  content  to 
a  depth  of  3  feet.  The  moisture  available  for  growth  before  and 
after  each  irrigation  is  shown  in  Table  V. 

1  The  check  row  g\Yen  in  Table  IV  was  not  cultivated,  and  conditions  were  such  that 
another  row  for  a  culttration  test  was  not  ayailable. 
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Table  IV. — Average  total  percentages  of  soil  moisture  to  a  depth  of  S  feet  in 
the  Victoria  grove,  California,  in  1915. 


[Note.— The  first  four  treatmenta  were  not  Irrigated  between  A 
treatments  were  irrigated  on  May 

pril  22  and  June  10. 

The  bat  rfx 

Dates  of  sampling  before  and  after  irrigation. 

Soil  treatment. 

After, 
Apr. 
22. 

Before, 

June 

10. 

After, 

June 

22. 

Before, 

July 

12. 

After, 
July 
26. 

Before, 

Aug. 

12! 

After, 

Aug. 

25. 

Before, 

Sept. 

13. 

After, 

Before, 

Oct. 
12. 

Alfalfa: 

In  basins    

17.2 

17.9 

16.4 
17.7 

12.8 
12.5 

8.9 
9.9 

13.4 
13.1 

11.3 
11.0 
14.5 
13.4 

14.5 
15.7 

13.1 
12.9 

14.6 
17.6 

10.4 
10.2 
14.3 
11.6 

10.6 
11.1 

9.2 
10.1 

7.0 
8.0 

7.4 

6.9 
9.0 
9.3 

15.0 
18.4 

17.8 
17.7 

10.5 
10.2 

11.9 

11.9 
11.7 

11.8 
12.0 

5.3 
5.3 

15.7 
17.7 

17.4 
16.9 

8 

10.5 
12.0 

10.3 
11.1 

14.5 
17.5 

17.1 
19.9 

ILl 

Same,  plus  limo 

12.5 

Manure: 

Tn  iwsins    

U9 

Same,  plus  lime 

12.S 

Sweet  clover: 

Cover  crop 

Same,  plus  lime 

Barley: 

Cover  crop 

Same,  plus  lime 

Uncultivated 

6.3 
8.2 

15.3 
13.7 

8.0 
9.8 

81  ::::::: 

Same,  plus  lime 

1  Basined. 

It  is  apparent  from  Table  IV  that  the  greatest  reduction  in  mois- 
ture took  place  under  the  cover  crops,  the  loss  being  greater  than 
from  the  uncultivated  row.  This  is  brought  out  more  clearly  in 
Table  V,  which  gives  the  amount  of  available  moisture  in  the  sur- 
face 3  feet  of  soil  before  irrigation,  the  critical  moisture  period. 
This  table  shows  that  the  mulched-bjisin  system  is  the  only  one  that 
retained  available  moisture  at  all  times.  In  all  the  other  treatments 
the  moisture  content  at  some  time  during  the  summer  was  reduced 
below  the  wilting  coefficient.  This  deficiency  in  the  moisture  supply 
in  the  case  of  the  cover-crop  tests  was  also  shown  by  the  appearance 
of  the  trees,  which  wilted  badly  during  the  summer  before  the 
irrigation  periods  came  around. 

Table  V. — Average  percentages  of  available  soil  moisture  to  a  depth  of  S  feet, 
before  and  after  monthly  irrigations,  in  the  Victoria  grove,  California^  in 

1915. 


Before  monthly  irrigations. 

After  monthly  irrigations. 

Soil  treatmentH. 

June 
lO.i 

July 
12. 

Aog. 
13. 

^f 

Oct. 
12. 

Aver- 
age. 

^^- 

Jane 
22. 

July 
36. 

"^- 

^ 

Alfalfa: 

In  baninR 

4.7 
4.4 

.1 

.8 

5.0 
4.6 

3.3 
3.4 
5.8 
4.3 

2.2 
2.9 

.9 
1.1 

-1.0 

-  .4 

-  .8 
-2.6 

.4 
.6 

3.1 
3.3 

3.1 
2.8 

-2.4 
-3.0 

-2.0 
.7 

1.8 
3.8 

1.6 
2.0 

?1 

2.2 
4.1 

3.2 
3.3 

2.8 
3.7 

1.8 
2.0 

.5 
.4 

1.3 
.4 
.9 

1.6 

7.8 
9.0 

6.5 
&0 



6.7 
7.4 

4.2 
3.5 

6.2 
8.9 

2.2 
1.4 
5.7 
2.4 

6.2 
9.7 

8.6 
8.0 

1.9 
1.6 

?. 

3.0 

7.4 
9.7 

9.1 

8 

5,5 

Same,  plus  lime 

9Ld 

Manure: 

In  basliLs 

&3 

Same,  plu8  limo 

1014 

Sweet  clover: 

Cover  crop 

Same,  plus  lime 

Barley: 

Cover  crop 

Same,  plu3  lime 

Uncultivated 

-  .7 
.9 

?1 

6.7 
5. 1 

0) 

Same,  plus  lime 

i  'I'h®  last  provions  irrigation  of  basins  was  given  on  April  22;  other  treatments  about  May  fti. 
■  Basined. 
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FURROW  IRRIGATION  OFTEN  NOT  ADEQUATE. 

The  furrow  system  of  irrigation  often  fails  to  provide  the  moisture 
necessary  for  good  growing  conditions  for  orange  trees  in  the  heavier 
types  of  soil.  This  was  strikingly  shown  during  the  season  of  1915, 
many  orange  groves  wilting  between  irrigations.  At  one  time  dur- 
ing the  summer  a  grove  adjoining  the  Victoria  grove  showed  wilt- 
ing for  several  days  before  irrigation.  Soil  samples  were  taken  at  the 
time  to  determine  the  percentage  of  moisture  present.  The  results 
are  shown  in  Table  VI,  the  moisture-determination  figures  represent- 
ing the  average  moisture  content  to  a  depth  of  3  feet  of  soil. 

Table  VI. — Moisture  conditions  under  ivilted  orange  trees. 


Moisture 

equlva- 

lient. 

WilUng 
coeffi- 
cient. 

Av  rage  moisture. 

Conditianofteaycs. 

In  sou. 

Avalla- 
ble. 

All  leaves  on  tree  badlv  wilted  

15.6 
15.1 

8.5 
8.2 

PercnU. 
6.9 

7.1 

Per  cent. 
-1.6 

Leaves  cm  top  third  of  tree  badly  wilted,  lower  two-thirds  not 
wilted....: 

-  .1 

The  moisture  determinations  include  the  dry  surface  soil,  which 
through  surface  evaporation  dries  out  to  about  one-half  the  wilting 
coeflBcient,  so  that  the  average  moisture  content  of  the  3-foot  section 
is  about  nine-tenths  that  of  the  soU  actually  occupied  by  the  tree 
roots.  The  second  tree  mentioned  in  Table  VI  had  been  wilted  for 
several  days  preceding  the  sampling.  These  observations  on  heavy 
soil  and  similar  observations  on  light  soil  show  that  the  wilting 
coefficient  determined  indirectly  from  the  moisture  equivalent  of  a 
soil  agrees  satisfactorily  with  direct  determinations  made  in  the 
groves. 

LATERAL  MOVEMENT  OF  SOIL  MOISTURE  VERY  SLIGHT. 

The  lateral  movement  of  moisture  in  the  heavy  soils  of  the  Vic- 
toria tract  is  very  slight.  After  an  irrigation  considered  sufficient 
to  last  about  28  days,  the  moisture  was  found  to  have  penetrated 
laterally  only  about  18  inches  from  the  irrigation  furrow.  In  other 
words,  there  is  practically  no  lateral  movement  of  water  toward 
the  tree,  the  feeding  roots  being  confined  to  the  soil  below  the  irri- 
gation furrows. 

The  lateral  movement  of  water  was  also  found  to  be  very  slight  in 
a  basined  grove  at  Redlands  located  on  the  same  type  of  soil  as  the 
Victoria  grove  just  discussed.  Soil  samples  were  taken  on  May  26, 
before  the  first  spring  irrigation,  and  the  day  after  the  grove  was 
irrigated  samples  were  again  taken  within  a  few  inches  of  the  first 
samples.     Alfalfa  was  being  grown  in  the  furrows  between  the 
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basins  to  supply  mulching  material.  The  basins  in  this  grove  wwe 
small  and  were  separated  in  the  tree  row  by  spaces  about  4  feet  in 
width.  These  spaces  between  the  basins  were  bare  and  unirrigated, 
the  usual  practice.  The  results  of  the  moisture  determinations  pre- 
sented in  Table  VII  show  no  lateral  movement  of  soil  moisture  from 
the  basins  into  these  spaces  during  irrigation. 

Table  VII. — AvaUahle  8oU  moisture  before  and  after  irrigation  in  an  orange 
grove  Jiaving  alfalfa  growing  in  the  furrow  rows  at  Redlands,  CaL 


AvAllahle  moisture  before 
irrigatian  (percent). 

Available  moisture  aftff 
inisaticn  (percent). 

Depth. 

In 
basins. 

In 
allalfii 
furrow 
rows. 

Between 
basins  in 
tree  rows, 

abouta 
feetlhnn 

basins. 

In 

In 

furrow 

FO'WS. 

BctmcB 

basiBis 

tree  rows, 

aboDtS 

feet  fro 

besBL 

PIretfoot 

4.2 

4.8 
5.1 
4.3 

-1.4 

-  .6 

.1 

.4 

0.9 
1.8 
2,1 
2.9 

7.4 
6.4 
5.5 
4.9 

4.9 

.S 

1.0 

1.9 

-C7 

Beoondfoot 

LI 

Thlrdftwt 

14 

Foorthfoot 

11 

Average 

4.6 

-  .4 

1.9 

5.6 

2.2 

LS 

SUMMER  COVER  CROPS  IN  ORANGE  GROVES  NOT  PRACTICABLB 
WITHOUT  AN  INCREASED  WATER  SUPPLY. 

The  moisture  conditions  in  the  alfalfa  furrow  rows  as  shown  in 
Table  VII  are  quite  typical  of  conditions  found  in  other  orange 
groves  with  alfalfa  growing  between  the  trees.  In  1914,  soil  samples 
were  taken  in  three  groves  of  this  kind  after  irrigation,  and  the 
moisture  had  penetrated  only  from  10  to  30  inches  after  a  two  iff 
three  days'  run  of  water.  The  large  amount  of  water  removed  by 
such  crops  and  the  bad  effect  on  the  orange  trees  of  the  competition 
with  the  cover  crop  have  already  been  mentioned  in  connection  with 
the  experiments  in  the  Victoria  and  Vivienda  groves.  With  the 
amount  of  water  usually  available  for  irrigation  in  these  districts 
(1  miner's  inch  to  5  acres),  no  summer  cover  crop  of  any  kind  can 
be  grown  in  citrus  groves  in  the  areas  studied  without  causing  dete- 
rioration of  the  trees.  Instances  were  found  where  summer  crops, 
such  as  buckwheat  and  sweet  clover,  were  grown  quite  regularly, 
but  in  these  cases  there  was  plenty  of  water  available  for  both  trees 
and  cover  crop. 

ORGANIC  MULCHES  MORE  EFFECTIVE  THAN  SOIL  MULCHES  JH 
CONSERVING  WATER. 

Four  cylindrical  cans  24  inches  high  and  18  inches  in  diameter 
were  filled  with  soil  from  the  Victoria  grove  on  June  25.  The  soil  in 
the  different  cans  was  treated  as  follows:   (1)   Surface  soil  k^ 
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mulched,  (2)  surface  soil  left  undisturbed,  (3)  seeded  to  barley, 
(4)  covered  with  about  2  inches  of  alfalfa  mulch.  The  soil  con- 
tained 19.2  per  cent  of  moisture  when  the  cans  were  filled.  The  cans 
Tvere  weighed  from  time  to  time  to  determine  the  moisture  loss,  but 
only  the  final  results  need  be  given  here.  On  August  3,  38  days 
after  the  initial  weighing,  the  moisture  content  of  the  soil  in  the 
different  cans  was  as  follows:  (1)  Surface  soil  mulched,  14  per 
cent;  (2)  surface  left  undisturbed,  10.1  per  cent;  (3)  seeded  to 
barley,  3.1  per  cent;  (4)  mulched  with  alfalfa,  18  per  cent.  The 
soil  seeded  to  barley  had  reached  the  wilting  coefficient  by  July  16, 
21  days  after  the  seed  was  planted. 

These  results  show  the  relative  effectiveness  of  a  soil  mulch  and 
an  alfalfa  mulch  in  retaining  moisture.  The  soil  under  the  alfalfa 
mulch  had  lost  but  1.2  per  cent  of  moisture,  while  the  soil  under  the 
dust  mulch  had  lost  4  per  cent,  or  over  three  times  as  much  as  the 
alfalfa-covered  soil.  The  soil  mulch  in  this  test  was,  furthermore, 
kept  in  a  much  more  effective  condition  than  is  practicable  in  a 
grove. 

EFFECT   OF  BASININ6   ON   TREE  GROWTH. 

THE  SUNNT  MOUNTAIN  GROVB. 

On  the  light  soil  of  the  Sunny  Mountain  experimental  grove  it 
was  nearly  a  year  before  any  very  noticeable  change  occurred  in  the 
appearance  of  the  mulched  trees,  but  during  the  autumn  of  1914  there 
was  a  distinct  advance  in  the  new  growth  on  the  trees  in  the  basins  as 
compared  with  the  check  trees. 

The  grove  was  badly  infested  with  scale,  for  which  it  was  fumi- 
gated in  the  fall  of  1914,  at  a  time  when  the  new  growth  on  the 
basined  trees  was  well  advanced.  The  basined  trees,  on  account  of  the 
larger  amount  of  new  growth,  were  injured  more  by  the  fumigation 
than  the  check  trees,  but  the  trees  soon  recovered  and  again  grew 
faster  than  the  check  trees.  The  beneficial  effect  of  the  mulched-basin 
treatment  was  also  plainly  in  evidence  on  the  untreated  rows  of  trees 
immediately  adjoining  the  experimental  tract,  showing  that  the  root 
systems  extend  laterally  to  adjoining  tree  rows  when  conditions  are 
favorable. 

THE  VICTORIA  CSROVE. 

The  portion  of  the  grove  used  for  these  experiments  had  been  pre- 
viously used  as  an  experimental  plat  and  had  received  sodium  nitrate 
only  as  a  fertilizer  for  four  years.  This  experiment  was  terminated 
in  1913,  and  the  plat  was  manured  in  1914.  The  trees  were  in  an  im- 
thrifty  condition  in  1914  and  67  per  cent  of  the  leaves  were  mottled. 
The  trees  were  heavily  pruned  in  the  winter  of  1914-15,  so  that  the 
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mottle-leaf  was  not  so  conspicuous  as  it  had  been  previous  to  pruning, 
but  the  trees  had  made  no  visible  response  to  the  change  in  treatment 
A  row  of  trees  was  basined  in  the  latter  part  of  April,  and  by  the 
latter  part  of  July,  a  little  over  three  months,  there  was  a  remarkable 
improvement  in  the  appearance  of  the  basined  row  compared  with 
the  check  trees.  There  was  a  vigorous  new  growth  of  leaves,  which 
were  large  and  velvety  in  texture,  dark  green  in  color,  and  almost  free 
from  mottling,  while  the  new  leaves  on  the  trees  in  the  check  row 
were  small  and  yellowish,  more  or  less  mottled,  and  never  develoi>ed 
normally.  The  accompanying  photograph  (PL  I)  was  taken  about 
the  middle  of  July  and  shows  clearly  the  improvement  in  growth  and 
color  of  the  basined  trees. 

THE  YIVIENDA  GROVE. 

The  basined  trees  in  this  grove  did  not  respond  to  the  mulched- 
basin  treatment  as  rapidly  as  the  basined  trees  in  the  Victoria  grove, 
but  by  the  fall  of  1915  there  was  a  very  distinct  improvement  in  the 
appearance  of  the  basined  trees  when  compared  with  the  check  trees. 

THE  MULCHED  BASIN  IN  RELATION  TO  SOIL  TYPE. 

The  early  response  of  trees  on  heavy  soils  to  the  mulched-basin 
treatment  appears  to  be  due  to  the  more  uniform  moisture  condi- 
tions under  the  mulch  and  also  to  the  fact  that  more  available  mois- 
ture is  present  in  the  basins  than  under  the  furrow  method.  The 
heavy  soils  of  the  Victoria  groves  in  general  do  not  take  water  well, 
and  there  is  very  little  lateral  movement  of  water  from  the  irrigation 
furrows.  Soil  samples  taken  18  inches  from  a  furrow  inunediately 
after  irrigation  frequently  showed  no  increase  in  moisture  due  to 
irrigation.  It  appears,  therefore,  that  under  such  a  furrow  system 
of  irrigation,  unless  the  number  of  furrows  is  greatly  increased  over 
the  usual  number,  the  heavy  soils  are  not  thoroughly  irrigated,  so 
that  a  considerable  portion  of  the  soil  is  devoid  of  available  moisture 
during  part  of  the  irrigation  season. 

On  the  other  hand,  sandy  loam  soils,  like  those  of  the  Vivienda 
and  Sunny  Mountain  groves,  take  water  more  readily,  so  that  after 
an  irrigation  the  moisture  content  of  these  soils  is  more  nearly  uni- 
form and  the  available  moisture  is  higher  than  in  heavier  soils  under 
furrow  irrigation.  The  trees  in  the  groves  on  the  higher  soils, 
therefore,  do  not  suffer  so  much  from  lack  of  water  under  the  fur- 
row method  of  irrigation  as  the  trees  on  the  heavier  soils. 

Table  VIII  shows  the  available  moisture  after  irrigation  in  the 
Vivienda  (sandy  loam)  and  Victoria  (clay  loam)  groves.  The  sandy 
loam  soils  show  more  available  moisture  after  irrigation  than  the 
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el  ay-loam  soils  where  cover  crops  are  grown  or  where  the  soil  is 
cultivated.  On  the  other  hand,  under  the  basin  system  the  heavy 
soil  has  a  little  more  available  moisture  after  irrigation  than  the 
sandy  loam  soil. 

Table  Vin. — Average  available  soil  moisture  to  a  depth  of  S  feet  in  sandy 
loam  {Vivienda  grove)  and  in  clay  loam  {Victoria  grove)  after  irrigation. 


Sou  treatments. 

Clay 
loam. 

Sandy 
loam. 

Boil  treatments. 

SS 

Sandy 
](Miin» 

Manure: 

In  basins 

Percent. 
7.3 
7.6 

6.6 

8.8 

Percent. 
6.9 
7.0 

6.0 
7.3 

Sweet  clover: 

Percent, 
4.2 
5.2 

2.2 
1.4 
4.0 

Per  cent. 
8.2 

^Uun4),  pliislini6. 

Same.  dIus  lime 

6.7 

Alfalfe:    '^ 

In  basins 

Barley: 

Cover  crop 

7.5 

flftnifl,  pifls  Ifm^. . . r . 

Bame,  pins  lime 

6.5 

Cultivated. 

6.5 

Where  groves  are  planted  on  heavy  adobe  soils,  as  is  the  case  with 
some  groves  near  Whittier,  the  use  of  the  mulched  basins  has  been 
found  inadvisable.  Heavy  adobe  soil  swells  when  thoroughly 
moistened,  and  in  this  condition  is  practically  impervious  to  water 
and  to  air.  In  the  case  of  heavy  adobe  soils  (derived  from  Pierre 
shale)  on  the  Belief ourche  Eeclamation  Project  in  South  Dakota, 
it  has  been  observed  that  the  irrigation  is  effective  only  so  long  as 
the  shrinkage  cracks  are  in  evidence.  The  water  is  distributed 
through  the  soil  by  means  of  these  openings,  and  when  the  adobe 
has  swelled  sufficiently  to  close  the  cracks  the  soil  will  take  no  more 
water.  The  use  of  mulched  basins  on  heavy  adobe  results  in  a  more 
nearly  uniform  moisture  condition  at  the  surface  and  prevents  the 
development  of  surface  cracks.  These  fissures  appear  to  be  essential, 
or  at  least  desirable,  for  the  proper  irrigation  and  aeration  of  heavy 
adobe.  On  the  same  ranch  near  Whittier,  Cal.,  where  the  difficulty 
with  heavy  adobe  was  encountered,  lemon  trees  on  soil  of  a  less  pro- 
nounced adobe  character  have  shown  a  most  favorable  response  to 
the  mulched-basin  treatment. 

EFFECT  OF  THE  MULCHED  BASINS  ON  SOIL  CONDITIONS  AND 

ROOT  GROWTH. 

In  all  the  experiments  carried  on  with  mulched  basins  having  an 
area  as  large  as  the  spread  of  the  tree,  irrigation  once  a  month  has 
been  sufficient  to  maintain  a  good  soil-moisture  condition  throughout 
the  period  between  irrigations.  The  mulch  also  tends  to  maintain  a 
moderate  and  more  uniform  soil  temperature,  and  in  this  respect  it 
is  aided  materially  by  the  location  of  the  irrigated  area  largely  under 
the  tree,  where  it  is  shaded  by  the  tree  top.  The  plowsole  nearly 
always  present  in  the  furrow  and  cultivation  method  of  treatment 
also  disappears  in  the  mulched  basin,  and  so  far  no  plowsole  or 
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equivalent  crust  has  been  encountered  in  basins  where  an  adequate 
organic  mulch  has  been  maintained. 

The  application  of  an  organic  mulch  to  the  basins  is  followed  in 
some  districts  by  a  remarkable  increase  in  the  number  of  earthworms. 
Earthworms  are  not  often  seen  in  orange  or  lemon  groves  under 
clean  cultivation,  but  in  the  basins  in  the  Riverside  district  the  soil 
teems  with  them;  a  double  handful  of  soil  would  often  be  found  to 
contain  a  dozen  or  more  worms,  and  the  soil  is  so  riddled  witii  their 
burrows  that  when  the  basin  around  a  tree  is  filled  with  water  a 
sea  of  bubbles  appears  on  the  water  surface,  due  to  tlie  rapid  escape 
of  air  from  the  burrows.  The  air  entrapped  below  a  wet  soil  surface 
of  fine  texture  presents  a  serious  obstacle  to  the  further  penetration 
of  water  unless  the  soil  contains  cracks  or  openings,  su<^  as  the 
burrows  of  earthworms,  that  are  too  large  to  be  sealed  by  the  capil- 
lary water  films.  The  worms  thus  appear  to  have  some  effect  in 
promoting  aeration,  and  they  surely  facilitate  to  a  marked  degree 
the  penetration  of  water  into  the  soil.  The  benefijcial  effect  of  the 
presence  of  earthworms  in  the  soil  has  been  emphasized  by  Darwin. 

The  vigorous  root  growth  taking  place  in  the  surface  soil  under 
the  mulch  is  very  marked  in  the  mulched  basins.  In  the  sy^^m  of 
dry-soil  mulching  there  is,  of  course,  no  root  growth  in  the  mulch, 
and  quite  often  there  is  very  little  root  growth  even  to  a  depth  of 
8  to  10  inches,  owing  to  the  presence  of  plowsole.  Under  the  mulch 
in  the  basins  the  ground  is  full  of  rootlets.  The  roots  have  not  been 
observed  to  penetrate  the  mulch  and  are  usually  not  found  even  in 
the  very  rich  surface  inch  of  soil.  It  can  readily  be  seen,  however, 
that  any  fertilizer  applied  in  these  basins  soon  comes  in  contact  witii 
the  root  system  through  the  downward  movement  of  the  irrigation 
water  and  without  the  necessity  of  any  mechanical  incorporation  of 
this  material  with  the  soil  by  cultivation. 

Since  the  mass  of  fine  feeding  roots  is  so  near  the  surface  of  the 
soil  in  the  basins,  it  is  absolutely  necessary  to  maintain  a  mulch  that 
will  thoroughly  protect  this  root  system,  especially  during  the  hot 
season  of  the  year.  A  crusting  of  the  surface  soil  in  the  basins  due  to 
the  lack  of  sufficient  mulching  material  would  be  very  detrimental 
to  the  root  system. 

FRUIT  SETTING  AND  TREE  GROWTH  AS  INFLUENCED  BY  THE 
MULCHING  MATERIAL. 

SUNNT  MOUNTAIN  TRACT. 

There  was  no  appreciable  difference  in  the  number  of  fruits  picked 
in  the  spring  of  1914  from  the  basined  trees  and  the  check  trees  in  the 
Sunny  Moimtain  grove.    This  shows  the  uniformity  of  the  two  plats, 
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the  fruit  having  been  set  in  the  spring  of  1913  before  the  mulch  was 
applied.  In  the  spring  of  1915,  however,  there  was  a  much  heavier 
set  of  flowers  on  the  trees  basined  than  on  the  check  trees ;  but,  owing 
apparently  to  the  effect  of  cold  weather  after  the  fruit  had  begun  to 
set,  the  entire  district  suffered  considerably  from  a  heavy  drop  of  the 
young  orange  fruits  and  the  imset  flowers.  On  August  23,  1915,  a 
careful  count  was  made  of  the  number  of  fruits  on  the  trees  under 
the  two  systems.  The  fruits  at  that  time  were  of  good  size.  The 
niunber  of  fruits  on  the  check  trees  averaged  116  per  tree,  while  the 
number  of  fruits  on  the  basined  trees  averaged  281  per  tree,  or  2.4 
times  as  many  as  on  the  check  trees.  The  quality  of  the  fruit  on  the 
basined  trees  during  this  season  was  also  superior  to  that  on  the  check 
trees,  and  the  fruits  were  larger  and  more  nearly  imiform  in  size. 

VICTORIA  TRACT. 

In  April,  1915,  one  row  of  33  orange  trees  in  this  tract  was  basined 
and  mulched,  one-half  of  the  trees  being  mulched  with  alfalfa  at  the 
rate  of  about  1^  bales,  or  185  pounds,  per  basin,  and  the  remainder 
with  cow  manure  of  good  quality  at  the  rate  of  about  20  cubic  feet 
per  basin.  Some  of  the  basins  in  each  treatment  also  received  200 
pounds  of  lime,  but  as  no  effect  of  the  lime  was  observable,  the  discus- 
sion will  be  confined  to  the  mulching  materials  alone.  The  basins 
were  circular  in  form  and  about  15  feet  in  diameter,  covering  an  area 
of  about  170  square  feet. 

There  was  practically  no  fruit  on  these  trees  in  1915,  owing  to  gen- 
eral deterioration  and  to  a  severe  scale  attack  and  severe  top  pruning 
in  the  season  of  1914-15.  On  August  12,  1916,  16  months  after  the 
installation  of  the  basins,  the  oranges  on  each  tree  were  counted.  The 
trees  mulched  with  alfalfa  averaged  483  oranges  per  tree  and  those 
mulched  with  manure  242  oranges  per  tree.  In  other  words,  the  trees 
mulched  with  alfalfa  carried  twice  as  much  fruit  as  those  mulched 
with  manure. 

The  alfalfa  mulch  was  applied  to  the  first  eight  and  the  last  nine 
trees  in  the  row  and  the  manure  mulch  to  the  intermediate  trees. 
Both  ends  of  the  row  responded  similarly  to  the  alfalfa  mulch,  not 
only  in  fruit  setting  but  in  the  density  and  dark  color  of  the  foliage 
as  well,  the  trees  showing  distinctly  the  boundary  between  the  two 
treatments. 

At  the  time  the  above  row  (No.  3  in  the  grove)  was  basined  and 
mulched  an  adjoining  row  (No.  2)  was  left  untreated,  and  this  was 
furrow  irrigated  in  the  usual  manner  but  not  cultivated.    By  August, . 
1915,  row  No.  2  was  looking  so  bad  that  it  was  decided  to  basin  it. 
The  basins  installed  were  small  (about  8  feet  in  diameter,  or  50  to 
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GO  square  feet  in  area)  and  were  mulched  with  a  mixture  of  hay  of 
different  kinds.  The  trees  improved  in  appearance,  but  on  August 
12, 1916,  when  the  counts  were  made,  they  were  still  far  from  being  in 
as  good  condition  as  the  trees  in  row  No.  3.  On  that  date  the  average 
number  of  oranges  per  tree  in  row  No.  2  was  182. 

At  the  time  that  row  No.  3  was  basined  and  mulched  the  rest  of 
the  grove  was  treated  likewise,  except  that  smaller  basins,  70  to  80 
square  feet  in  area,  were  installed.  These  trees  improved  greatly  as 
compared  with  trees  in  certain  other  adjoining  rows  which  were 
furrow  irrigated  in  the  usual  way,  but  they  have  not  yet  come  up  to 
row  No.  3  either  in  the  appearance  of  the  foliage  or  in  fruit  bearing, 
showing  that  the  larger  basins  are  much  more  effective. 

EUREKA  TRACT. 

A  test  of  the  relative  value  of  different  mulching  materials  was 
begun  in  this  tract  in  October,  1915,  on  a  block  of  60  navel-orange 
trees.  The  mulching  material  used  included  alfalfa,  bean  straw,  bur 
clover,  sweet  clover,  barley  hay,  stable  manure,  and  pine  shavings 
The  basins  were  about  10  by  12  feet  in  dimensions.  Approximately 
125  pounds  of  mulching  material  was  applied  to  each  basin,  except  in 
the  case  of  bean  straw,  which  on  account  of  its  scarcity  at  the  time 
was  applied  at  the  rate  of  75  pounds  per  basin.  The  manure  was 
applied  at  the  rate  of  about  15  cubic  feet  per  basin.  Various  com- 
mercial fertilizers  were  also  applied  to  some  of  the  trees,  but  the  effect 
of  these  substances  was  not  in  evidence  at  the  time  the  oranges  were 
counted. 

In  August,  1916,  10  months  after  the  mulch  was  applied,  the 
number  of  oranges  on  each  tree  was  determined  by  counting.  Kecords 
of  the  yields  of  the  individual  trees  in  this  block  had  also  been  kept 
for  the  preceding  six  years  by  the  Office  of  Horticultural  and  Pomo- 
logical  Investigations  of  the  Bureau  of  Plant  Industry,  which 
afforded  an  excellent  basis  for  establishing  the  relative  productive- 
ness of  the  different  trees  under  the  same  treatment.  To  make  the 
results  of  the  mulching  experiments  directly  comparable,  the  mean 
yield  of  each  group  of  trees  in  1916  was  corrected  by  dividing  the 
observed  count  by  the  ratio  of  the  average  productiveness  of  that 
group  during  the  preceding  six  years  to  that  of  the  whole  block  for 
the  same  period.  This  eliminates  the  influence  of  high  or  low  per- 
formance trees.  The  results  of  the  counts  are  given  in  Table  IX, 
together  with  the  relative  yield  under  the  various  mulching  treat- 
ments. 
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Table  IX. — Relative  yields  of  oranges  toith  different  mulching  materials  in 

the  basins. 


Mokhing  material. 


Number 
of  trees. 


Yield  In  1016.  t 


Average 
number 

of 
oranges 
per  tree. 


Corrected 
on  basis 
ofpre- 
-vlous 
perform-* 
anceof 
trees. 


Percent- 
age of 
mean 
vleld 

of^n^ole 
block. 


Alfiftlfahay... 
Bean  straw... 

Manure 

Barley  hay.... 
Sweet  clover.. 

Bur  clover 

Pine  shavings 


550 
463 
358 
280 
814 
802 
224 


532 
460 
358 
313 
805 
800 
217 


150 
130 
101 


85 
61 


It  is  evident  from  Table  IX  that  the  mulching  materials  tested 
differ  greatly  in  value.  The  highest  yield  of  fruit  was  obtained  when 
alfalfa  was  used  as  a  mulch,  while  the  bean  straw  and  manure  rank 
next.  The  quantity  of  bean  straw  used,  however,  was  not  sufficient 
to  make  an  effective  mulch,  and  it  seems  probable  that  alfalfa  and 
bean  straw  are  of  approximately  equal  value  for  mulching  purposes. 
The  other  legumes  were  much  less  beneficial  than  alfalfa  and  bean 
straw.  The  lowest  yield  was  obtained  where  pine  shavings  were 
employed  as  a  mulch.  This  material  effectively  protected  the  basins 
from  evaporation,  so  that  the  beneficial  action  of  the  other  mulching 
material  is  clearly  attributable  to  the  organic  products  from  the  de- 
composing mulch  which  are  carried  into  the  soil  with  the  irrigation 
water. 

The  average  number  of  oranges  on  the  trees  basined  and  mulched 
with  alfalfa  hay  was  8  per  cent  greater  than  the  average  yield  from 
these  same  trees  during  the  preceding  six  years  under  furrow  irriga- 
tion and  clean  cultivation.  The  other  treatments  all  show  a  falling 
off  in  yield  compared  with  the  average  yield  of  the  preceding  six 
years.  Up  to  the  time  the  basins  were  established,  the  trees  had  been 
irrigated  by  means  of  furrows  between  the  tree  rows.  When  the 
basins  were  established  under  the  trees,  the  irrigation  between  the 
tree  rows  was  discontinued.  The  excavations  of  the  basins  to  a 
depth  of  6  to  8  inches  necessarily  destroyed  some  of  the  small  feed- 
ing roots,  and  this  fact,  combined  with  the  discontinuance  of  the 
irrigation  between  the  tree  rows,  forced  the  trees  to  establish  a  new 
root  system  during  the  time  that  the  fruit  buds  of  the  1916  crop  were 
being  developed.  A  decrease  in  yield  accompanied  in  most  instances 
the  redistribution  of  the  root  system,  and  this  fact  emphasizes  the 
desirability  of  a  gradual  transition  to  the  basin  system  if  the  entire 
surface  is  not  basined.  Irrigation  and  cultivation  between  the  basins 
for  the  first  year  following  the  installation  of  the  basins  would  help 
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the  trees  to  reestablish  their  root  systems  without  checking  the 
growth. 

The  foliage  of  the  trees  mulched  with  alfalfa  and  bean  straw  was 
much  denser  and  darker  in  color  than  that  of  the  trees  mulched  with 
barley  and  pine  shavings,  the  latter  trees  being  off  color.  The  tre^ 
mulched  with  sweet  clover,  bur  clover,  and  manure  were  intermediate 
in  color  and  density  of  foliage. 

^^^lile  the  values  of  the  different  mulching  materials  used  in  this 
experiment  can  not  be  considered  to  be  accurately  represented  by  the 
results  shown  in  Table  IX,  their  probable  relative  value  is  indicated. 
In  view  of  the  corroborative  results  obtained  in  the  Victoria  tract  it 
would  appear  that  alfalfa  is  decidedly  more  valuable  for  mulching 
purposes  than  manure.  It  also  appears  from  these  tests  that  150 
pounds  of  alfalfa  or  15  to  20  cubic  feet  of  manure  when  applied  to  an 
area  of  about  150  to  170  square  feet  will  provide  sufficient  mulching 
material  to  last  one  year  and  maintain  an  effective  mulch  during  that 
period. 

REDLANDS  TRACT. 

A  further  comparison  of  the  mulched-basin  method  with  furrow 
irrigation  is  afforded  by  a  mulched  grove  near  Redlands.  This  was 
planted  at  the  same  time  and  with  the  same  stock  as  an  adjoining 
grove,  and  the  two  received  uniform  treatment  for  a  time,  but  for 
a  number  of  years  they  have  been  handled  independently.  In  1913 
a  grove  of  8  acres  was  basined  by  the  owner  and  mulched  with 
alfalfa.  The  basins  were  small,  scarcely  including  the  drip  of  the 
trees.  Owing  to  the  slope  of  the  land,  two  basins  were  necessary  for 
each  tree.  The  furrow  rows  were  seeded  to  alfalfa  at  the  time  the 
basins  were  made,  for  the  purpose  of  supplying  mulching  material. 
The  amount  of  alfalfa  produced,  however,  was  not  even  sufficient  to 
maintain  a  mulch  in  the  small  basins,  and  in  the  fall  of  1915  the 
alfalfa  was  plowed  up.  The  seeding  of  the  furrow  rows  to  alfalfa 
undoubtedly  checked  the  growth  of  the  trees  somewhat  by  limiting 
the  moisture  supply.  Moisture  determinations  made  immediately 
after  irrigation  where  alfalfa  was  growing  showed  that  the  irriga- 
tion water  penetrated  only  about  a  foot  below  the  bottom  of  the 
fnrrows. 

A  10-acre  grove  adjoining  the  8-acre  basined  grove  has  through- 
out been  furrow  irrigated  and  cultivated  in  the  usual  manner. 

While  the  basins  were  established  in  the  8-acre  tract  in  1913,  their 
effect  on  the  set  and  yield  of  fruit  would  not  be  seen  until  the  fol- 
lowing year.  The  average  yield  of  this  tract  in  1911  and  1913  (1912 
being  excluded  on  account  of  the  freeze)  was  4.9  boxes  per  tree, 
compared  with  3.2  boxes  per  tree  on  the  10-acre  tract. 
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The  average  annual  yield  per  tree  of  the  8-acre  tract  since  the 
basins  were  installed  has  been  5.5  boxes  per  tree/  while  the  average 
annual  yield  of  the  unbasined  trees  during  the  same  period  has  been 
3^  boxes  per  tree,  the  same  as  during  the  preceding  period. 

It  is  not  possible  to  differentiate  sharply  in  this  case  between  the 
effect  of  mulching  and  other  factors  which  led  to  higher  yields  from 
the  8-acre  tract  previous  to  mulching.  Assuming  the  10-acre  tract 
to  constitute  a  fair  check,  the  yield  of  the  8-acre  tract  has  been 
increased  12  per  cent  by  the  installation  of  the  basins.' 

SIZE  OF  BASINS. 

The  basins  in  the  Simny  Mountain  experimental  tract  extended 
to  the  middle  of  the  furrow  row  and  included  the  entire  soil  surface. 
This  type  of  basin  requires  the  most  mulching  material  and  is  conse- 
quently the  most  expensive  to  maintain.  In  following  this  plan  it 
is  necessary  to  restrict  the  basins  between  every  fifth  and  sixth  row 
of  trees  sufficiently  to  provide  a  roadway  to  haul  out  fruit,  bring  in 
the  mulching  material,  and  distribute  fire  pots  and  oil  when  frost 
protection  is  necessary.  With  this  type  of  basin  all  of  the  soil  is 
irrigated  and  available  for  the  development  of  the  root  system  of  the 
tree.  If  all  of  this  soil  is  not  necessary  for  an  adequate  root  develop- 
ment, then  a  restricted  basin  system  may  be  used.  Certainly  all  of 
the  soil  is  not  utilized  to  the  best  advantage  in  the  present  system  of 
furrow  irrigation,  for  the  soil  under  the  tree  during  the  summer  is 
so  dry  as  to  make  the  development  of  feeding  roots  practically  impos- 
sible. From  the  marked  response  and  increased  vigor  of  the  trees 
under  the  basin  system  in  the  Victoria  and  Vivienda  experimental 
tracts,  where  restricted  basins  were  used,  it  appears  that  the  basins 
can  be  reduced  somewhat  below  the  maximum  area  without  detri- 
ment to  the  trees  and  with  a  corresponding  reduction  in  the  cost 
of  maintenance. 

With  restricted  basins,  measuring  10  by  20  feet  in  a  grove  planted 
20  feet  each  way,  a  cover  crop  can  also  be  grown  between  the  tree 
rows  during  the  rainy  months  to  supply  part  of  the  mulching  mate- 
rial. The  summer  growth  on  these  interrow  strips,  which  without 
irrigation  will  necessarily  be  limited,  can  also  be  cut  and  applied 
to  the  basins  when  sufficient  in  quantity  to  justify  the  labor.  If 
extra  water  is  available,  these  interstrips  may  be  irrigated  and  the 

^This  Is  based  upon  the  yield  of  only  one-half  the  tract  In  1915-16.  The  rematnln}? 
portion  was  seriously  damaged  through  the  use  of  an  oil  spray  for  scale  In  1915,  resulting 
In  a  heavy  drop  of  leaves  and  fruit  and  reducing  the  yield  of  the  sprayed  portion  to  less 
than  half  that  of  the  unsprayed  trees. 

*The  crop  on  the  trees  at  the  present  writing  (September,  1916)  is  also  much  better  on 
the  mnlched-basin  tract  than  on  the  adjoining  grove,  In  spite  of  the  fact  that  the  8-acre 
tract  Is  badly  infested  with  scale. 
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yield  of  mulching  material  increased.    It  is  not  practicable,  however, 
to  attempt  to  provide  all  of  the  mulch  in  this  way. 

In  groves  planted  on  contours  the  form  and  size  of  the  basins  will 
necessarily  be  determined  by  the  slope  of  the  land.  In  such  cases 
two  smaller  basins  will  usually  be  required  for  each  tree,  one  above 
and  one  below  the  tree  in  the  row.  Even  in  straight-row  planting 
it  will  often  be  found  advisable  to  divide  the  basin  at  the  tree  trunk 
in  order  to  insure  adequate  irrigation  on  both  sides  of  the  tree. 
Special  precaution  should  be  taken  to  prevent  the  soil  forming  the 
dikes  from  being  banked  against  the  trunk  of  the  tree.  Lemons 
appear  to  be  particularly  susceptible  to  bark  diseases  when  through 
low  planting  or  soil  washing  the  moist  soil  is  brought  into  ccmtact 
with  the  trunk  above  the  graft. 

COST  OF  PREPARING  AND  MAINTAINING  THE  BASINS  AND  THE 

MULCH. 

The  initial  cost  of  installing  a  basin  system  varies  with  the  soil 
and  with  the  size  of  the  basins.  No  exact  figures  can  be  given  for 
all  the  different  soil  types  and  basin  sizes,  but  some  specific  examples 
can  be  cited.  The  cost  for  labor  alone  in  one  grove  on  a  sandy  loam 
soil  was  about  $18  per  acre.  The  basins  in  this  grove  were  circular 
and  about  8  feet  in  diameter,  and  the  grove  was  close  planted.  The 
labor  cost  in  other  groves  on  clay-loam  soil  ranged  from  $22  to  $25 
per  acre. 

The  cost  of  the  mulching  material  varies  greatly.  At  the  present 
writing,  manure  in  carload  lots  from  Los  Angeles  costs  $2.20  per  ton 
delivered  on  siding  in  orange  districts  50  miles  distant.  Allowing 
15  cubic  feet  of  manure  per  basin,  this  would  cost  approximately 
50  cents  per  tree.  One  hundred  and  fifty  pounds  of  alfalfa  or  bean 
straw  will  provide  a  mulch  equivalent  to  that  obtained  with  15  cubic 
feet  of  manure,  and  in  the  experimental  plats  has  given  greater 
returns.  The  average  yield  from  one  block  (Victoria  grove)  of 
alfalfa-mulched  trees  was  twice  that  of  the  manure-mulched  trees, 
while  in  another  block  (Eureka  grove)  the  alfalfa-mulched  trees 
carried  on  the  average  50  per  cent  more  fruit  than  the  trees  mulched 
with  manure.  Barley  straw  costs  less  than  either  alfalfa  or  bean 
straw,  as  a  rule,  but  in  the  trials  here  reported  it  has  not  proved  so 
desirable  a  material  for  use  as  a  mulch,  and  it  contains  less  nitrogen. 

Any  mulch  lasts  well  during  the  summer  season,  although  the 
under  portions  undergo  decomposition  soon  after  being  applied. 
During  the  rainy  season,  however,  all  kinds  of  mulching  material 
break  up  rapidly,  and  in  the  course  of  a  year  the  mulch  practically 
disappears  unless  a  fairly  large  quantity  is  used.  In  general  it  ap- 
pears that  150  pounds  of  alfalfa  or  its  equivalent  a  year  is  necessary 
to  maintain  a  mulch  in  a  basin  150  square  feet  in  area. 
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The  maintenance  of  the  dikes  is  a  small  item  of  expense,  and  with 
a  furrow  along  the  side  of  the  basins  for  irrigating  each  basin  sepa- 
rately tbere  should  be  no  upkeep  expense  for  two  years  at  least,  and 
probably  the  dikes  will  last  longer.  It  is  necessary,  however,  to  use 
only  a  small  stream  of  water  in  filling  the  basin,  especially  on  land 
with  a  steep  slope,  as  otherwise  the  silt  and  fine  sand  brought  into  the 
basin  will  in  time  fill  it,  necessitating  future  excavations,  with  the 
loss  of  a  part  of  the  rich  soil  formed. 

The  cost  of  the  application  of  water  will  probably  be  greater  with 
the  basin  system,  as  it  will  be  necessary  to  keep  a  night  irrigator  on 
duty  during  irrigation.  On  the  other  hand,  there  is  a  marked  saving 
in  the  quantity  of  water  used  and  a  marked  saving  through  the 
elimination  of  teamwork  of  all  kinds  in  the  orchard  except  for  haul- 
ing fruit  and  replenishing  the  mulching  material.  The  breaking  of 
heavy  fruit-bearing  branches  during  cultivation  and  the  injury  of 
fruit  from  contact  with  harness  or  harrow  are  also  avoided. 

UMITATIONS  OF  THE  MULCHED-BASIN  SYSTEM. 

The  mulched  basin  is  not  the  solution  of  all  the  difficulties  of  citrus 
culture.  It  will  probably  be  found  less  advantageous  on  sandy  or 
sandy  loam  soils  than  on  loam  or  clay-loam  soils.  It  is  not  suitable 
for  heavy  gumbo  soils.  Some  hand  labor  (hoeing  or  mowing)  will 
be  required  to  keep  the  weed  growth  in  the  basins  under  control  and 
to  prevent  undue  loss  of  moisture  from  this  source.*  The  organic 
mulch  in  the  basins  will  also  harbor  some  gophers,  although  experi-  • 
ence  so  far  indicates  that  the  frequent  flooding  of  the  basins  dis- 
courages them  from  seeking  refuge  under  the  mulch.  The  proximity 
of  the  roots  to  the  surface  necessitates  the  maintenance  of  an  effective 
organic  mulch  in  the  basins  for  the  best  results.  The  cost  of  suitable 
mulching  material  will  very  greatly  depend  on  the  location  of  the 
groves  and  in  some  cases  may  seem  prohibitive.  In  this  connection 
it  must  be  remembered  that  the  humus  content  of  some  citrus  groves 
has  been  reduced  to  such  a  degree  that  its  restoration  by  some  means 
appears  imperative.  The  efficiency  from  the  nutrition  standpoint  of 
the  organic  material  applied  to  the  surface  in  comparison  with  the 
same  material  plowed  under  remains  to  be  determined. 

The  marked  response  of  citrus  trees  under  the  mulched-basin  sys- 
tem in  the  experimental  tracts  justifies  its  serious  consideration  by 
citrus  growers.  Its  final  position  in  the  industry  can  be  determined 
only  after  it  has  been  thoroughly  tested  in  comparison  with  other 
systems  in  commercial  practice. 

^This  plant  growth  in  the  basins  can,  of  course,  be  used  to  supplement  the  mulching 
materlaL 


Digitized  by 


Google 


26  BULLETIN  499,  U.   S.   DEPARTMENT  OF  AGBICULTURE. 

HUMUS  CONTENT  OF  THE  BASINS  AND  THE  CHECK  SOILS. 

SUNNY  MOUNTAIN  GROVE. 

• 

Determinations  of  the  humus  content  of  the  soil  in  the  basined 
area  and  in  the  untreated  area  to  a  depth  of  3  feet  are  given  in  Table 
X.  Determinations  of  humus  are  necessarily  somewhat  inaccurate, 
owing  not  only  to  the  variation  in  sampling  but  also  to  the  fact  that 
humus,  so-called,  is  an  indefinite  mixture  of  organic  compounds* 
The  Sunny  Mountain  grove,  so  far  as  known,  had  been  treated  imi- 
f ormly  previous  to  the  installation  of  the  mulched  basins.  Composite 
samples  collected  in  1914  indicated  that  the  check  area  contained 
slightly  more  humus  than  the  basined  area.  In  the  spring  of  1915, 
however,  the  surface  foot  of  the  basined  area  was  higher  in  humus, 
as  shown  in  Table  XIII.  The  humus  content  of  the  surface  foot  of 
soil  below  the  mulch  also  increased  gradually  throughout  the  sum- 
mer, while  the  check  area,  which  received  no  organic  material  save 
that  contained  in  commercial  fertilizer^,  showed  practically  no 
change.  The  increase  in  humus  in  the  basins  is  confined  practically 
to  the  first  foot  of  soil.  At  lower  depths  the  humus  content  of  the 
two  tracts  diflFers  but  slightly,  decreasing  gradually  to  a  depth  of  6 
feet,  as  shown  by  the  mean  values  in  Table  X.  If  the  humus  con- 
tent of  the  soil  is  limited,  it  is  advantageous  to  have  it  localized 
largely  in  the  upper  3  feet  of  soil,  which  in  most  California  soik 
includes  the  principal  feeding  roots  of  citrus  trees. 

Table  X. — Percentage  of  humvs  in  the  first  and  in  the  second  3  feet  of  soU  In 
the  Sunny  Mountain  grove^  California,  in  1915. 
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^The  humus  was  determined  by  removing  the  calcium  with  1  per  cent  hydrochloric 
acid,  extracting  with  sodium  hydroxid,  and  measuring  the  intensity  of  the  homns  coltf 
against  a  standard  humus  solution  in  a  colorimeter.  The  standard  solution  was  freshly 
made  up  by  weight  from  uniform  dry  stock  material  obtained  by  extraction  with  4  per 
cent  ammonia  after  treating  with  1  per  cent  hydrochloric  add  and  washing  free  froo 
chlorids.  The  ammonia  extract  was  filtered  through  a  Pasteur-Cbamberland  filter  before 
evaporating  to  dryness. 
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Table  X. — Percentage  of  humus  in  the  first  and  in  the  second  3  feet  of  soil  in 
the  Bunny  Mountain  grove,  California,  in  1915 — Continued. 
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VrVIENDA  GROVE. 

Determinations  of  the  average  percentage  of  humus  in  the  first 
3  feet  of  soil  in  the  Vivienda  experimental  tract  are  presented  in 
Table  XI.  Samples  taken  in  October,  about  four  months  after  the 
mulch  was  applied,  showed  an  appreciable  increase  in  the  humus 
content  of  the  soil  in  the  basins.  The  mulch  was  carefully  removed 
before  sampling,  so  that  only  the  soil  itself  was  taken  up.  The 
percentage  increase  in  humus  was  about  the  same  in  the  basins 
mulched  with  manure  and  with  alfalfa. 

The  plat  in  which  the  barley  was  disked  showed  a  marked  increase 
in  humus  50  days  after  the  green  cover  crop  was  incorporated  with 
the  soil.  The  changes  in  humus  content  were  all  confined  to  the 
surface  foot  of  soil. 

Table  XI. — Average  percentage  of  soil  humus  to  a  depth  of  3  feet  when  various 
treatments  were  given  in  the  Vivienda  grove,  California,  in  1915. 
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VICTORIA  GROVE. 

The  percentage  of  humus  in  the  soil  in  the  Victoria  grove  under 
the  various  treatments  is  shown  in  Table  XII.  Here  again  the 
humus  did  not  increase  perceptibly  in  the  basins  imtil  October,  112 
days  after  the  initial  samples  were  taken.  The  low  initial  humus 
content  in  the  basins  is  due  in  part  to  the  removal  of  the  surface  soil 
in  making  the  basins.  The  manure  and  alfalfa  were  equally  effective 
in  increasing  the  humus  percentage  up  to  the  time  of  the  last 
sampling. 

Table  XII. — Average  percentage  of  soil  humus  to  a  depth  of  3  feet  token  vari- 
ous treatments  were  given  in  the  Victoria  grove,  California,  in  1915, 
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SUMMARY. 

Mottle-leaf  of  citrus  trees  is  characterized  by  yellowish  spots  or 
blotches  on  the  leaves  and  by  a  reduction  in  the  size  of  the  leaves 
and  the  density  of  the  foliage.  In  its  advanced  stages  it  results  iii 
a  marked  reduction  in  j'^ield  and  in  the  size  and  quality  of  the  fruit 
No  fungus  or  bacterium  has  yet  been  found  to  be  causally  associated 
with  this  trouble. 

Work  carried  out  by  the  writers  in  1914  and  reported  in  another 
paper  showed  that  half  of  the  mottling  in  about  120  orange  groves 
in  the  Kiverside,  Redlands,  Rialto,  and  Highland  districts  of  Cali- 
fornia was  associated  with  a  low  hmnus  content  of  the  soiL  Evi- 
dence was  also  secured  which  indicated  that  inadequate  irrigation 
might  be  responsible  in  part  for  the  development  of  mottle-leaf. 

The  present  paper  is  concerned  with  field  experiments  relating 
to  the  irrigation  of  oranges  and  the  use  of  organic  fertilizers  and 
deals  particularly  with  a  new  method  of  citrus  culture,  the  mulched- 
basin  system,  in  which  low  dikes  are  thrown  up  so  as  to  form  large 
shallow  irrigation  basins  near  each  tree,  and  each  basin  is  heavily 
mulched  with  alfalfa  hay,  bean  straw,  manure,  or  some  other  organic 
material.  The  basin  makes  it  possible  to  supply  each  tree  with  water 
in  accordance  with  its  needs,  while  the  water  carries  with  it  to  the 
feeding- root  system  the  plant  food  extracted  from  the  disLntegrating 
mulch. 

The  system  of  furrow  irrigation  and  clean  cultivation  in  common 
use  in  citrus  districts  in  California  tends  to  promote  the  formation 
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of  a  plowsole,  or  incipient  hardpan,  below  the  surface  mulch,  vary- 
ing in  thickness  from  3  inches  to  2  feet;  leads  to  excessive  accumula- 
tions of  soluble  plant- food  substances,  especially  nitrates,  at  the  sur- 
face of  the  soil,  where  they  remain  imtil  washed  down  by  the  winter 
rains;  and  fails  to  conserve  the  soil  moisture  sufficiently  to  prevent 
the  trees  from  wilting  frequently  during  the  summer  months. 

The  mulched-basin  system  was  found  to  conserve  the  soil  mois- 
ture better  than  any  other  system  of  soil  treatment  compared  with 
it,  and  none  of  the  basined  trees  on  either  light  or  heavy  soils  wilted. 
Under  all  the  other  cultural  methods  employed  wilting  occurred  at 
some  period  during  the  summer  on  both  light  and  heavy  soils. 

Available  soil  moisture  below  the  third  foot  did  not  prevent  orange 
trees  from  wilting  if  the  moisture  content  in  the  first  3  feet  of  soil 
fell  below  the  wilting  coefficient. 

With  the  amount  of  irrigation  water  ordinarily  available  in  these 
districts  (1  miner's  inch  to  4  or  5  acres)  cover  crops  of  barley  or 
sweet  clover  can  not  be  grown  during  the  summer  months  in  groves 
on  either  heavy  or  light  soils  without  causing  the  wilting  of  the 
orange  trees. 

Circular  trenches  dug  around  orange  trees,  filled  with  manure  or 
alfalfa  and  covered  with  dirt,  did  not  remain  open  sufficiently  after 
the  second  irrigation  to  distribute  the  irrigation  water  adequately. 

In  the  clay-loam  soils  of  the  type  constituting  the  Victoria  area 
the  lateral  movement  of  moisture  is  very  slight.  In  such  soils  the 
furrow  system  of  irrigation  is  inadequate  unless  a  large  number  of 
furrows  are  used,  including  furrows  under  the  trees. 

Moisture  determinations  in  groves  in  which  alfalfa  was  being 
grown  as  a  permanent  cover  crop  show  that  the  irrigation  water 
never  penetrated  deep  enough  into  the  soil  to  insure  an  adequate 
moisture  supply  for  the  orange  trees. 

For  a  basin  having  an  area  of  150  square  feet  the  experiments 
indicate  that  approximately  150  pounds  of  alfalfa  or  15  to  20  cubic 
feet  of  stable  manure  will  be  required  each  year  to  maintain  an 
effective  mulch. 

It  is  not  possible  with  the  water  ordinarily  available  to  grow 
mulching  material  between  the  basins  sufficient  to  maintain  a  satis- 
factory mulch  on  the  basins.  Cover  crops,  however,  can  be  grown 
between  the  basins  on  winter  rainfall  to  supply  part  of  the  mulch, 
and  where  water  is  available  in  the  summer  it  can  be  used  for  the 
same  purpose. 

Orange  trees  on  clay-loam  soil,  such  as  the  Victoria  soil,  responded 
more  quickly  to  the  mulched-basin  system  than  trees  similarly  treated 
on  light  soils,  because  the  heavier  soils  under  the  furrow  method  of 
irrigation  do  not  absorb  moisture  as  rapidly  as  lighter  soils.  Mulched- 
basined  trees  on  clay-loam  soils  showed  a  marked  response  to  the 
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treatment  in  3  months,  while  basined  trees  on  light  soils  required 
from  6  to  12  months  to  show  a  growth  superior  to  that  obtained  with 
furrow  irrigation  and  clean  cultivation.  The  mulched  basin  is  not 
satisfactory  on  heavy  gumbo  soils. 

The  set  of  fruit  was  very  light  throughout  the  Riverside  district 
in  1015,  owing  apparently  to  cold  weather  following  the  bloom.  In 
tlie  Sunny  Mountain  tract,  where  the  mulched  basins  were  first 
installed  in  1913,  the  average  number  of  oranges  per  tree  on  the 
check  trees  in  1915  was  116,  while  on  the  mulched-basin  trees  the 
average  number  of  oranges  per  tree  was  281,  or  two  and  one-half 
times  as  many  as  on  the  check  trees.  The  quality  of  the  fruit  on  the 
basined  trees  was  also  superior  to  that  on  the  imbasined  trees.  In 
the  Victoria  tract  in  1916  the  alfalfa-mulched  trees  averaged  483 
oranges,  the  manure-mulched  trees  242  oranges,  and  the  check  trees 
182  oranges.  In  the  Eureka  tract,  where  the  mulched  basins  had 
been  installed  the  preceding  autumn,  the  alfalfa-mulched  trees  car- 
ried on  the  average  550  oranges,  an  increase  of  33  oranges  per  tree 
over  the  average  yield  of  these  trees  for  the  preceding  six  years. 
P^xperiments  in  this  tract  with  other  mulching  materials  showed  a 
decrease  in  yield  during  the  first  season,  due  in  part  at  least  to  the 
fact  that  the  new  root  system  below  the  basins  was  not  established 
at  the  time  the  fruit  buds  were  set. 

The  new  leaf  growth  on  the  basined  trees  was  less  mottled  than 
the  new  growth  on  the  unbasined  trees  after  suflScient  time  had 
elapsed  for  the  mulched-basin  system  to  produce  response  in  the 
tree  growth. 

The  new  leaves  on  the  basined  trees  were  larger  and  darker  in 
color  and  had  a  better  texture  than  those  on  the  imbasined  trees, 
especially  on  heavy  soil. 

The  new  growth  of  rootlets  imder  the  mulch  in  the  basins  was 
very  much  greater  than  in  the  check  treatments,  the  soil  in  the 
basins  being  filled  with  rootlets  to  within  about  2  inches  of  the 
surface. 

Great  numbers  of  earthworms  were  often  found  in  the  basins  under 
the  mulch,  and  their  burrows  honeycombed  the  entire  soil  mass.  The 
worms  help  to  incorporate  the  organic  material  with  the  soil,  while 
their  burrows  facilitate  the  absorption  of  water  in  heavy  soils. 

No  soil  crust  of  any  kind  has  been  found  in  the  basins  where  the 
mulch  completely  covered  the  soil  surface.  A  complete  mulch  must 
be  maintained  at  all  times,  however,  to  prevent  the  surface  from 
crusting. 

The  experiments  indicate  that  alfalfa  and  bean  straw  are  superior 
to  stable  manure  for  mulching  purposes. 

In  the  mulched  basins  the  quantity  of  humus,  as  measiu^  by  the 
intensity  of  the  color  of  the  alkaline  extract,  increased  markedly  in 
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the  first  foot  of  soil  during  the  summer,  but  no  increase  was  ob- 
servable at  the  greater  depths.  From  70  to  120  days  were  required 
for  the  mulch  in  the  basins  to  decompose  sufficiently  to  produce  a 
measurable  increase  in  the  humus  content.  Alfalfa  and  manure 
mulches  were  equally  effective  in  producing  this  increase  in  humus. 
Barley  cover  crops  produced  a  marked  increase  in  the  humus  content 
of  the  soil  60  days  after  being  disked  into  the  soil. 

The  use  of  an  organic  mulch  moderates  the  rise  in  soil  temperature 
during  the  day.  The  advantages  of  the  mulch,  however,  are  not 
wholly  attributable  to  this  fact  nor  to  the  conservation  of  moisture. 
Wood  shavings  when  used  as  mulching  material  afforded  as  much 
protection  in  this  respect  as  alfalfa  or  bean  straw,  yet  trees  mulched 
with  pine  shavings  gave  yields  less  than  half  those  obtained  with 
mulches  of  alfalfa  or  bean  straw. 

Surface  mulching  with  organic  material,  especially  when  available 
in  quantities  sufficient  to  cover  the  entire  surface,  may  in  the  long 
run  prove  fully  as  effective  as  the  use  of  the  mulching  material  in 
basins.  A  more  immediate  response  from  the  mulched  basin  may  be 
expected,  however,  owing  to  the  fact  that  each  time  the  basins  are 
flooded  the  soluble  portions  of  the  decaying  mulch  are  carried  with 
the  irrigation  water  directly  into  the  soil.  In  this  respect  the 
mulched  basin  resembles  a  surface  organic  mulch  in  humid  regions 
where  the  rainfall  first  passes  through  the  mulch  before  entering  the 
soil.  Many  of  the  citrus  soils  of  California  contain  so  little  active 
organic  matter  that  it  is  essential  to  secure  the  advantages  of  the 
applied  organic  material  at  the  earliest  possible  date,  and  this  ap- 
pears to  be  brought  about  more  quickly  by  the  use  of  the  mulched 
basin  than  by  organic  mulches  with  furrow  irrigation.  The  mulched 
basin  also  appears  to  be  the  most  effective  means  of  using  a  limited 
quantity  of  mulching  material. 

The  marked  response  of  citrus  trees  in  the  experimental  tracts 
under  the  mulched-basin  system  justifies  its  serious  consideration  by 
citrus  growers.  It  is  still  in  the  experimental  stage,  and  its  suitabil- 
ity to  local  conditions  in  any  instance  should  be  thoroughly  tested 
in  an  experimental  way  before  installing  basins  on  a  large  scale.  Its 
final  value  in  the  industry  can  be  determined  only  after  it  has  been 
so  tested  in  comparison  with  other  systems  in  conmiercial  practice. 
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The  study  of  apple  production  discussed  in  this  bulletin  was  made 
during  the  years  1914  and  1915  in  the  Grand  Valley  and  adjacent 
districts  of  western  Colorado.*  This  area  was  chosen  as  being  rep- 
resentative of  a  region  which  is  not  only  of  great  present  commer- 
cial importance,  but  has  a  large  acreage  of  young  orchards  not  yet 
in  bearing. 

The  Grand  Valley  district  (see  fig.  1 )  is  primarily  one  of  specialized 
fruit  farming;  in  Delta  a!id  Montrose  counties,  aJso  covered  by  the 
survey,  the  farming  is  more  or  less  diversified.  The  region  as  a 
vrhole  is  one  of  the  important  centers  of  box-apple  production,  com- 
peting with  the  orchards  of  the  Middle  West  and  supplying  a  large 
part  of  the  fruit  which  goes  to  the  Texas  trade.  All  apples  are  grown 
under  irrigation,  principally  on  comparatively  small  farms. 

*■  Thb  is  the  second  of  a  series  of  bulletins  designed  to  give  comparative  and  comprehensive  Informatioo 
on  the  different  methods  of  orchard  management  in  vogue  in  different  apple-growing  districts  and  in  re- 
gard to  the  several  factors  which  enter  into  the  cost  of  apple  production.  The  first  of  these  bulletins,  deal- 
ing with  Wenatchee  Valley,  has  been  published  as  Department  Bulletin  446. 

T^OTE.— Acknowledgments  are  due  to  the  Office  of  Pomological  and  Horticultural  Investigations  of  the 
Bureau  of  Plant  Industry  for  material  assistance  rendered  in  the  prepararion  of  this  bulletin. 
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The  data  here  presented  were  obtained  through  detailed  stadks 
of  the  orchard  practices  of  125  representative  apple  growers,  49  of 
whom  were  located  in  Mesa  County,  61  in  Delta  County,  and  15  ia 
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N  EW       M  EX  ICO 


Fio.  l.-Map  showing  location  of  the  western  Colorado  fruit  districts  (shaded  areas)  wbcR  the 
investigation  was  ooDdoeted. 

Montrose  County.  Orchards  were  chosen  with  a  view  to  getting  i 
representative  average,  extremes  in  size  being  avoided  and  effort 
being  made  to  pick  only  such  as  were  fairly  comparable  in  acreage 
and  development.    Data  were  secured  from  each  grower  as  to  the 
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time  required  for  each  operation,  as  to  equipment,  cost  of  labor, 
spraying  materials,  boxes,  etc.,  and  as  to  land  and  orchard  values.* 

The  factors  considered  in  arriving  at  the  annual  cost  of  apple  pro- 
duction have  been  classified  as  follows: 


Labor. 

Costs  other  than  labor. 

U^tnfiWMm*^ 

|Tnn«^Hng- 

Material  costs. 

Fixed  costs. 

Msauring. 

PrunJiig. 

Disposfogofbraoh. 

Caltivating. 

IrrintlDg. 

Ttal^iElg. 

Hauling  box  shocks. 

Makjng  boxes. 

Hauling  loose  boxes  out. 

Picking. 

Hauling  fnU  boxes  in. 

Sorting. 

Packing. 

NaOing. 

Other  packing  labor. 

Haul  to  station. 

Box  shook. 

Nails. 

Pwer. 

Labels. 

Spray  materials. 

Manure. 

QasoUoe,  oil,  etc. 

Taxes. 
Insurance. 
Water  rent. 
Equipment  charge. 
Machbehire. 
Interest. 
BuOding  charge. 

FACTS  BROUGHT  OUT. 

It  was  found  that  the  total  cost  of  production'  for  the  126  farms 
representing  the  entire  region  averages  $0,844  per  box;  for  Mesa 
County  (Grand  Valley),  $0,936;  for  Delta  County,  $0,795;  for  Mont- 
rose County,  $0,767.     (See  Table  I.) 

Labor  costs  average  $0,394  per  box  and  $111.88  per  acre  (46.7  per 
cent  of  total  cost). 

Material  and  fixed  costs  (manure,  spray  materials,  boxes,  water 
rent,  interest  on  investment,  taxes,  insurance,  etc.)  average  $0.46 
per  box  and  $127.91  per  acre  (63.3  per  cent  of  total  cost).  Of  this 
cost  the  principal  item  is  interest  on  investment  in  orchard,  which  is 
S0.184  per  box,  or  21.8  per  cent  of  the  total  cost. 

1  It  is  of  vital  importance  that  tlie  method  of  oomputatico  used  in  this  study  be  fully  understood  at  the 
outset;  otherwise  confusion  and  misapprdieDslGo  will  be  inevitable.  It  should  be  borne  in  mind  con* 
staotly  that  the  primary  result  desired  is  a  figure  representing  fairly  the  average  regional  post  of  apple 
prodnctloD— that  is,  the  cost  in  its  relatioQ  to  ihe  apple  business  of  western  Colorado  as  a  whole.  To  get 
mxh  an  average  it  is  often  necessary  to  use  certain  averages  whidi  in  themselves  have  no  agricultural  sig- 
nificance, which  have  no  weight  except  as  they  contribute  to  the  determlnatioo  of  the  regional  average. 
For  example,  the  average  acre  cost  of  manuring  for  the  entb«  acreage  of  the  district  under  consideration  is 
represented  by  a  figure  too  small  to  have  significance  as  applied  to  any  one  ranch,,  since  not  all  the  ranches 
practice  manuring,  but  which  has  an  economic  significance  with  reference  to  the  business  of  the  district 
as  a  whole.  For  the  purposes  of  this  study  it  is  as  though  the  entire  region  were  one  farm  and  the  cost  per 
acre  for  manuring  were  distributed  equally  over  the  whole  f^um  acreage  rather  than  over  the  particular 
part  of  the  farm  upon  which  the  manure  happens  to  be  applied.  This  method  gives  an  average  that  may 
mean  nothing  as  implied  to  the  single  operation  of  manuring,  but  whidi  may  mean  mudi  as  applied  to  the 
business  of  growing  apples  in  the  region  studied.  To  arrive  at  the  result  desired  in  this  study,  namely,  the 
cost  of  producing  apples  as  borne  by  the  district  as  a  whole,  each  orchard  operation  has  been  figmred  agaia<  the 
total  number  of  tnrms.  In  this  way  a  regional  acre  charge  is  determined  for  each  operation,  the  acre  being 
used  as  the  unit,  so  that  each  ordiard,  regardless  of  slse,  may  have  the  same  weight  in  the  final  calculation. 
Thus,  so  far  as  these  calculations  are  concerned,  each  of  the  125  orchards  involved  may  be  considered  as 
being  but  one  acre  in  extent.  In  this  way  weighted  averages  are  avoided,  and  the  final  average  cost  per 
box  becomes  a  fairiy  accurate  approximation  of  the  actual  cost  of  producing  apples  in  the  region,  as  repre- 
sented by  the  125  ranches  chosen  as  typical  of  western  Colorado  conditions. 

It  was  thought  advisable  in  this  connection  to  figure  separately  the  costs  for  each  county,  as  well  as  for 
the  whole  region,  as  the  three  districts  differ  greatly  in  the  fetors  materially  affecting  cost.  Thus  the 
figures  may  be  compared  and  the  results  studied  in  their  bearing  upon  types  and  systems  of  farming, 
which  differ  quite  widely  in  the  three  counties. 

i  Not  tndnding  orchard  depredatloo  and  ooet  of  smudging,  omitted  for  lack  of  sufficient  data. 
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The  average  yield  for  the  district  is  284  boxes  per  acre;  3.8  p^ 
tree.  Average  yield  in  Grand  Valley,  275  boxes  per  acre;  in  DdU 
County,  294;  in  Montrose  County,  272. 

Table  I. — Summary  of  all  costs  entering  into  the  annual  cost  of  production  o/appla  {7K 

randies,  western  Colorado). 


Maintenance 
cost. 


Handling  cost. 


Material  costs.      Fixed  costs. 


Total  ecBts. 


H 


0.0     tt^ 


11, 


i:: 


Mesa 

Delta 

Montrose 

District. 


.  67. 77  0. 247  2fi.  4  48. 34  0. 176118. 82  68. 25  0. 212122. 67  82. 51 
.50.67  .17121.560.42  . 202125. 41 66w  14J  .  191 24. 02 67. 83 
.47.64  .17022.958.66  . 216 28. 16 50. 7&  .18724.3851.27 
.56.94   . 20l|23. 8 54. 94^  .193i22. 87 66^32  .198^4671.56 
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.231  29. 0<»  233. 96  .7»  m 
.188  24.51208.35  .7*7  M 
.352  29.85239.79  ,m  ^ 
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The  trees  in  orchards  studied  average  17  years  of  age  and  74  to 
the  acre. 

Jonathan  is  the  leading  variety,  with  Ben  Davis,  Rome  Betnty, 
Qano,  and  Winesap  following,  each  of  about  equal  importance. 

CONCLUSIONS  DRAWN. 

Averages  secured  in  this  study  seem  to  warrant  the  foDoirii^ 
conclusions  as  to  fruit  farming  in  the  Grand  Valley  and  adjacent 
districts: 

The  majority  of  farms  are  not  sufficiently  diversified  to  secint 
the  best  results. 

The  farms  studied  were  prosi>erou8  in  direct  proportion  to  thf 
degree  of  diversification  practiced. 

Care  must  be  taken  in  setting  orchards  to  pick  suitable  soil  inc 
an  area  well  drained  and  not  subject  to  seepage. 

Clean  cultivation  can  not  be  practiced  indefinitely  without  it- 
pleting  the  soil  seriously.  Humus  should  be  supplied  eith^  in  the 
form  of  manure  or  by  using  cover  crops. 

Manure  is  of  very  great  value  as  an  orchard  fertilizer. 

In  general  it  seems  inevitable  that  fruit  growers  must  find  im- 
portant supplemental  sources  of  income  to  tide  them  over  years  d 
low  fruit  prices.  Tins  is  a  rich  country,  with  the  advantage  of « 
delightful  climate,  a  naturally  fertile  soil,  and  an  excellent  class  d 
progressive  settlers,  and  it  is  capable  of  becoming  a  region  of  y^ 
established  general  farming.  Certain  limited  areas  of  the  region  in 
particularly  well  adapted  to  fruit  growing;  for  example,  tie  &«' 
ridges  about  Grand  Junction  and  some  of  the  mesa  land  in  Drfu 
County  not  subject  to  frost.  Much  of  the  region  is  not  adapted  5& 
speciaUzed  fruit  farming,  and  it  is  probable  that  fruit  growing  ccs- 
bined  with  general  farming  will  be  more  successful  financially  this 
fruit  growing  alone. 
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HISTORY  OF  APPLE  INDUSTRY. 

In  Mesa  County  the  Indians  occupied  the  Grand  Valley  until  1880, 
when  they  were  moved  into  Utah.  The  history  of  fruit  growing 
in  western  Colorado  begins  about  this  time.  In  the  spring  of  1883 
several  thousand  root  grafts  were  put  out  in  the  Grand  Valley  on 
some  leased  land  by  a  Denver  nurseryman,  but  only  a  fraction  of 
the  original  root  grafts  were  saved  when  later  a  more  favorable 
location  was  selected  for  the  nursery. 

The  first  trees  were  set  on  Oldham  bottoms  and  the  lower  lands 
of  the  valley.  The  first  fruit  on  Fruit  Ridge  was  set  in  1885  and  1886. 
The  plantings  gradually  extended  from  here  down  the  valley  to 
Pruita,  but  it  was  not  imtil  the  early  nineties  that  fruit  began  to  be 
set  at  all  extensively.  By  about  1900  the  industry  became  ex- 
tremely popular  and  land  began  to  rise  very  rapidly  in  price.  In 
1900  the  price  of  land  in  Grand  Valley  under  good  water  rights  ranged 
from  $200  to  $300  per  acre.  In  1907  and  1908,  when  prices  reached 
their  maximum,  land  sold  from  $600  to  $700  per  acre,  while  good 
apple  orchards  often  sold  for  $1,()00  or  more  per  acre.  During  the 
period  of  1900  to  1910  settlers  from  the  Middle  West  and  East  came 
to  the  Grand  Valley  in  great  numbers.  In  more  recent  years,  how- 
ever, the  influx  has  not  been  so  great. 

The  history  of  the  apple  industry  of  Delta  County  is  more  or  less 
correlated  with  that  of  Mesa.  The  first  fruit  of  Delta  Coimty  was  set 
out  about  1882,  when  a  grower  at  Paonia  procured  26  trees  of  mixed 
varieties  from  Rochester,  N.  Y.,  at  $1  each.  Of  these  3  survived 
shipment.  A  few  other  pioneers  began  to  plant  trees  about  this  time 
or  shortly  after.  The  industry  developed  rapidly  in  this  county 
but  on  a  somewhat  less  speculative  basis  than  in  the  Grand  Valley. 

In  Montrose  Coimty,  where  farming  is  of  .a  comparatively  general 
type,  the  fruit  industry  dates  from  about  1882.  Many  orchards 
were  set  in  the  early  nineties  on  Spring  Creek  Mesa  and  the  plantings 
continued  imtil  about  1909  or  1910.  This  region  developed  on  a 
basis  different  from  that  of  the  apple  regions  of  the  other  two  counties 
in  that  fruit  did  not  occupy  so  large  an  area  of  each  farm  and  hence 
in  years  of  low  friiit  prices  did  not  suffer  from  lack  of  diversification. 
in  farm  business. 

TOPOGRAPHY. 

The  part  of  Mesa  Coimty  considered  in  this  survey,  or  the  region 
known  as  the  Grand  Valley,  has  been  carved  out  of  a  high  plateau 
region  of  sedimentary  rocks.  The  surface  of  the  valley  varies,  but  in 
the  valley  propter  it  is  fairly  level,  requiring  comparatively  httle 
labor  for  irrigation.     (See  PI.  I.) 

The  fruit  of  Delta  County  is  located  on  many  mesas  and  small 
districts  which  differ  greatly  in  their  facihties  for  irrigation.    Most 
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of  the  fruit,  however,  is  on  level  mesa  areas,  varying  in  size  from  | 
several  thousand  acres  to  a  few  hundred.     (See  H.  II.)     The  irmx 
of  Montrose  County  is  also  on  mesa  lands  easy  to  irrigate.  i 

SOILS.'  I 

Most  of  the  orchards  of  Grand  Valley  are  located  on  the  Billings  I 
fine  sandy  loam.  This  is  a  light-gray  to  brown  soil,  easily  cultivated  i 
wheil  moist,  but  when  dry  tending  to  bake  and  hard  to  restore  to  I 
good  tilth.  This  is  the  principal  soil  on  which  fruit  and  other  cn^  I 
are  grown  from  Palisades  to  Fruita.  In  general  its  drainage  is  good.  I 
but  owing  to  the  use  of  an  excess  of  water,  seepage  has  occurred  in  | 
many  places.  : 

In  the  immediate  vicinity  of  Fruitvale  Station  and  in  rather  large 
areas  near  the  lower  levels  above  the  river  soils  is  found  the  Billmgs  : 
silt  loam  type,  a  heavy,  sticky,  and  plastic  soil  underlain  by  clay  (ff 
clay  loam.    Much  of  this  type  has  gone  to  seep  and  is  no  longer  under 
cultivation.     It  is  not  well  adapted  to  fruit. 

The  Billings  clay  loam,  a  plastic>  compact  loam,  varying  from  lig^t 
gray  to  dark  brown  in  color  and  very  difiicult  to  cultivate  when  diy, 
occurs  principally  in  a  few  areas  between  Grand  Junction  and  FruiU. 
Much  of  it  has  been  affected  with  alkali.  It  seems  partieukdj 
adapted  to  alfalfa. 

The  Mesa  fine  sandy  loam,  a  light  and  easily  cultivated  soil  roquir- 
ing  considerable  water  for  irrigation,  makes  up  a  large  part  of  the 
soil  of  the  valley,  especially  that  reached  by  the  recently  opened 
Highline  Canal.  On  account  of  its  general  high-lying  position  and 
its  leaching  qualities  it  is  well  drained.  It  is  adapted  to  fruit  and 
other  crops. 

The  Mesa  clay  loam,  a  reddish  to  chocolate-brown  loam  rather  , 
difficult  of  cultivation,  is  a  productive  soil  adapted  to  fruit  lying 
principally  along  the  south  side  of  the  Grand  River.    This  is  the  soil 
of  the  large  mesa  known  as  Orchard  Mesa. 

The  Fruita  fine  sandy  loam  is  a  good  fruit  soil,  but  has  very  poor 
drainage,  so  that  many  of  the  orchards  about  Fruita  have  died  frwn 
the  effect  of  excessive  alkaU. 

Generally  speaking,  the  soils  on  which  most  of  the  thrifty  apple 
orchards  of  Grand  Valley  are  located  are  the  Billings  and  Mesa  &e 
sandy  loams.  The  Mesa  clay  loam  on  Orchard  Mesa  is  one  of  the 
best  of  fruit  soils. 

Nearly  all  the  orchard  lands  of  Delta  and  Montrose  counties 
are  located  on  Mesa  clay  loam.  In  most  cases  there  is  enougti 
slope  to  prevent  danger  from  the  rise  of  alkali.  This  type  of  soil  is 
well  adapted  to  alfalfa,  wheat,  oats,  sugar  beets,  and  fruit.     No  soil 

1  Soil  survey  of  Grand  Jnnction  area,  J.  G.  Hoimes  and  T.  D.  Rloe;  soil  survey  of  The 
Valley  area,  J.  W.  Nelson  and  L.  A.  Kolbe. 
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survey  has  been  made  of  the  Paonia  and  Hotchkiss  districts,  but  the 
fruit  here  is  located  on  mesa  lands  with  soil  of  the  same  general  type 
as  the  Mesa  clay  loam. 

CLIMATE. 

The  climate  of  this  region  on  the  whole  is  semiarid,  with  marked 
seasonal  ranges  in  temperature  and  great  Yariatk>n  in  season,  due 
largely  to  altitude,  which  ranges  from  4,575  feet  above  sea  level  at 
Grand  Junction  to  6,100  feet  at  Cedaredge,  in  Delta  County. 

The  maximum  precipitation  is  about  11  inches;  minimimi,  6  inches. 
This  amount  of  precipitation  supports  only  sparse  native  vegetation. 
Crops  depend  entirely  on  irrigation.  An  admirable  feature  of  the 
climate  is  its  very  low  humidity.  Destructive  windstorms  are 
imcommon,  but  the  more  elevated  regions  are  subject  to  destructive 
local  hailstorms. 

The  topographical  features  of  the  region  have  a  marked  influence 
upon  the  occurrence  of  killing  frosts.  Often  a  difference  in  elevation 
of  100  feet  or  even  less  is  enough  to  save  an  orchard  from  frost.  Air 
currents  and  '* pockets''  also  have  a  decided  influence.  Certain 
small  areas  are  nearly  always  subject  to  damage  by  •  frosts.  In 
locating  an  orchard  it  is  well  to  pay  particular  attention  to  records  of 
frost  damage  in  previous  years. 

Table  II  shows  climatic  data  for  this  region  as  compared  with  other 
important  apple  districts  of  the  United  States.  It  should  be  stated 
in  this  connection  that  the  weather  stations  for  these  various  places 
often  are  not  located  in  the  same  locality,  or  on  the  same  elevation 
as  the  orchard;  hence  the  figures  are  not  necessarily  a  true  guide  to 
weather  conditions  affecting  the  orchards. 

Table  II. — Climate  of  western  Colorado  and  other  apple  districts  of  the  United  States} 


Station. 

Alti- 
tude. 

Mean 
annual 
rainfoll 
(nonnal). 

Inches. 

8.3 
10.22 

7.76 
13.22 

9.58 

6.64 
11.41 
34.66 
14.57 
23.85 
33.21 
35.44 

Mean 
annual 
temper- 
ature 
(normal). 

•F. 
52.5 
49.7 
49.7 
49.6 
47.5 

61 

60.8 
60.1 
64.5 
67.3 
64.7 
47.2 

Num- 
ber of 
clear 
days. 

Num- 
ber of 
rainy 
days. 

Average 
date  of 

last 
killing 
ih)stin 
spring. 

Average 
date  of 
first 
Wiling 
frost  in 

autumn. 

Aver- 
age 
num- 
ber of 
grow- 
ing 
days. 

Western  Colorado: 

Grand  Junction 

FeH. 
4,a02 
4,510 
4,965 
5,604 
6,811 

1,070 

2,159 

300 

1.425 

23 

967 

537 

170 
182 
226 
130 
168 

189.8 

168 

161 

160 

139 

159 

84 
63 
54 
81 
.     86 

56.6 
63 
90 
114 

80 
R7 

Apr.  18 
May    3 
May  11 
May     1 
May  21 

Apr.  18 
May    9 
Apr.  22 
Apr.  30 
Mar.  17 
Apr.  17 
May    2 

Oct.   18 
Oct.     4 
Sept.  27 
Oct.   10 
Sept.  28 

Oct.   22 
Sept.  30 
Oct.   14 
Oct.     6 
Nov.    1 
Sept.  26 
Oct.    13 

188 

Fruita 

154 

Delta 

139 

Paonia 

162 

Montrose 

130 

Oth^  important  apple  dis- 
tricts in  United  Stotes: 
North  Yakima,  Wash.*... 
Payette,  Idaho 

187 
144 

Hood  River,  Oreg 

Medfbrd,  Oreg. 

175 
159 

Watscmville,  Cal 

229 

St.  Joseph,  Mo 

162 

Brockport,  N.  Y 

115          143 

164 

»  Taken  from  U.  8.  climatology  records  for  past  15  years. 
>  North  Yakima  data  taken  for  years  1910  to  1914  inclusive. 
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DISTANCE  FROM  MARKET. 

The  Grand  Valley  is  a  long  distance  from  market.  This,  couiJed 
with  the  fact  that  fruit  products  are  perishable,  makes  the  marketing 
question  one  of  prime  importance  here.  In  the  early  years  of  tk 
industry,  when  the  tonnage  of  fruit  was  light  and  the  prices  h^. 
the  cost  of  marketing  was  given  little  thought.  Orchards  were  set 
out  with  slight  r^ard  to  c^&tance  from  railroad,  for  as  long  as  sudi 
high  prices  prevailed  the  growers  could  afford  to  pay  hauling  chaige 
and  high  freight  and  express  rates.  However,  with  prices  receiyed 
of  late  years  the  cost  of  putting  the  apples  into  the  consumers'  haniis 
in  some  cases  has  been  greater  than  the  total  returns. 

Formerly  the  mines  at  Aspen  and  other  mining  towns  paid  b^li 
prices  for  all  fruit,  both  boxed  and  culled,  and  Colorado  boxed  appb 


Fig.  2.~A  comparatively  inexpensive  but  comfortable  home  of  a  fruit  rancher  located  on  onn  of  the  n»s 

lands  in  Delta  Coimty. 

brought  big  returns  in  city  markets,  Colorado  Springs  and  Denver 
then  being  the  principal  cities  of  importance  in  which  the  fruit  was 
marketed.  Now,  however,  the  disadvantage  under  which  the  region 
labors  as  regards  distance  from  market  is  being  felt,  and  adjustments 
in  farm  practice  have  been  found  necessary.  Such  adjustments  are 
now  going  forward. 

FARM  ORGANIZATION. 

RELATION  OF  ORCHARD  TO  FARM  ORGANIZATION. 

Even  in  specialized  apple  districts  there  are  few  farms  or  ranches 
where  bearing  apples  are  the  only  source  of  income,  and  where  the 
cost  of  .producing  apples  is  the  cost  of  operating  the  farm.  Most 
growers  have,  besides  a  bearing  apple  orchard,  a  considerable  acreage 
of  other  orchard,  usually  young  apples,  or  it  may  be  peaches  or 
pears.  Still  others  grow  some  alfalfa  to  sell  and,  in  Montrose  Connty 
particularly,  considerable  quantities  of  grain  and  potatoes  are  grown 
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for  sale.  In  the  case  of  a  young  orchard  the  expense  necessary  to 
keeping  it  up  is,  of  course,  chargeable  to  the  young  orchard  and  does 
not  enter  into  the  cost  of  production  of  apples^  from  a  bearing  block. 

On  the  farms  situated  in  Mesa  County  there  is  an  average  of  3.5 
acres  of  young  apples  per  ranch  as  compared  to  8.22  acres  of  bearing 
apples;  in  Delta,  4.94  acres  young  and  12.19  bearing,  and  in  Montrose, 
3.56  young  and  13.66  bearing.  Furthermore,  but  42  per  cent  of  the 
farm  acreage  of  the  ranches  surveyed  in  the  Grand  Valley  is  in  bearing 
apples,  23.5  per  cent  in  Delta,  and  31  per  cent  in  Montrose.  Ninety- 
two  per  cent  of  the  total  area  of  the  ranches. surveyed  in  Mesa  is 
tillable,  73  per  cent  in  Delta,  and  90  per  cent  in  Montrose.  A  few 
farms  were  found  where  the  cost  of  operating  the  farm  was  the  same 
as  the  cost  of  producing  the  apples  from  the  bearing  block.  In  such 
cases  all  labor,  both  man  and  horse,  is  charged  to  the  orchard. 

Under  such  specialized  conditions  there  are  always  long  periods 
of  enforced  idleness  for  horse  labor  and  often  for  man  labor,  espe- 


MONTHS 

HORse  HOURS 

lO       CO 

HANHOIMft                                                        1 

JAN. 

1 

^ 

FEB. 

■ 

■■■ 

MAR. 

■1 

IHHHi 

APR. 

■■1 

■■ 

MAY 

■■1 

■■■■ 

JUN. 

■^ 

■■■■1 

JUL. 

m 

§■■■ 

AUG 

■ 

■■ 

5Ef. 
OCT. 
NOV. 

■■■v 

■■■■■ 

^■■1 

DEC. 

m 

Fio.  3.— Chart  showing  the  average  distribution  of  man  and  horse 
labor  on  an  acre  of  bearing  orchard  throughout  the  year. 

ciaUy  where  help  is  hired  by  the  month.  By  growing  alfalfa  or  annual 
crops  adapted  to  the  region,  together  with  hogs  or  poultry,  a  more 
profitable  distribution  of  labor  may  be  secured. 

SIZE  AND  TYPE  OF  FARM. 

Table  III  shows  the  average  size,  tillable  area,  and  orchard  acreage 
of  the  farms  studied.  The  fact  that  these  farms  in  most  cases  are 
small  is  principally  due  to  the  system  of  land  development.  In 
many  cases  land  was  bought  up,  set  to  fruit,  and  held  for  speculation 
at  prices  such  that  the  average  investor  desiring  a  home  could  not 
aflFord  to  buy  many  acres.  In  fact,  it  was  beUeved  more  desirable  to 
have'  a  small,  intensive,  specialized  farm  than  a  larger  and  more 
diversified  one.  In  days  of  high  fruit  prices  this  belief  was  justifiable 
for  the  time  being,  but  no  provision  was  made  for  the  day  of  low 
fruit  prices. 
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Tablb  llh-^Average  iiu  of  fanM  and  orchards  (125  randies,  toestem  Colorado). 


Delta. 


KantTQBe. 


An 


Number  of  records , 

A  verage  acreage  of  farms 

Tillable  acres  per  farm 

Per  cent  of  farm  area  tillable 

Average  acreage  of  bearing  orchards 

Average  acreage  of  young  apple  orchards 

Per  cent  of  tEtfm  areain  Dearing  apple  orchards. 


49 

61 

15 

IS 

10.56 

61.  W 

49.86 

ftX 

18 

37.34 

39.47 

3Lfi 

92 

72 

90 

Tki 

8.22 

12.10 

13.68 

l&ii 

3.5 

4.94 

3.56  1 

43 

42 

23.5 

31 

&3 

The  farms  are  most  highly  specialized  in  Mesa,  less  so  in  Delta, 
and  least  in  Montrose.  Crops  besides  tree  fruits  grown  for  sale 
include  a  few  truck  crops,  small  fruits,  potatoes,  alfalfa,  small  quan- 
tities of  alfalfa  seed,  and  a  little  grain.  Potatoes  are  a  very  impor- 
tant  crop  in  Montrose  and  parts  of  Delta  County.  Most  of  ibe  grain 
grown  for  sale  comes  from  Montrose.  Very  little  stock  is  kept  on  tiie 
farms  surveyed,  although  on  many  of  the  larger  ranches  of  the  r^ion 
stock  is  fed  during  the  winter  and  the  manure  returned  to  the  laud. 
Mesa  Coimty  (Grand  Valley)  is  very  highly  specialized,  and  devoted 
almost  exclusively  to  fruit,  diflFering  in  this  respect  from  the  other 
two  counties. 

fNVBSTMENTS. 

The  amount  of  capital  invested  in  the  fruit  farming  of  westcn 
Colorado  as  compared  to  other  types  of  farming  is  very  great.  Tlie 
average  total  investment  of  the  49  farms  in  the  Grand  Valley,  aver- 
aging 19.56  acres  in  size,  is  $12,004.02;  the  average  total  investm^i 
per  acre  of  these  farms,  giving  each  farm  the  same  weight,  is  $778-32. 
On  these  same  farms  the  average  bearing  apple-orchard  investment 
per  farm  is  $5,826.04,  and  the  average  acreage  of  apples  8.22  acres, 
or  42  per  cent  of  the  average  total  farm  area.  However,  the  average 
investment  per  acre  on  these  orchards,  giving  each  orchard,  large  or 
small  the  same  weight,  is  $751.56.  The  interest  charge  per  acre  is 
figured  on  this  average.     (See  Table  IV.) 

The  equipment  investment  per  farm  as  shown  in  Table  IV  includes 
no  stock,  either  horses  or  cattle,  but  includes  all  machinery  and  other 
equipment  nec^sary.  For  the  size  of  farm  this  is  a  high  investment, 
due  largely  to  the  diversity  of  tools  that  are  found  on  these  ranches* 

Table  IV. — Farm  and  orchard  investments  (125  ranches,  western  Colorado). 


Delta. 


Montrose. 


A1I< 


Investment  per  form: 

Total , 

In  land  and  Improvements , 

In  bearing  apple  orchard 

In  equipment 

Investment  in  bearing  apple  orchard  per  acre: 

Total 

In  equipment 

Per  cent  of  farm  investment  in  bearing  apple  orcluffd : 

Total tV...    

Land  and  buildings 


$12,004.02 

n,  861. 98 

5,826.04 

761.66 

603.02 
86.00 


4&6 
49.11 


S19,78L23 

18,238.70 

7,414.74 

627.38 

719.37 
24.00 


37.48 
40.6 


$16,733.78 

14,914.28 

6,292.86 

439.28 

1,008L98 
31.16 


37.6 
42L19 


S16.3 
15,3 
6,6 


L« 

99^  SI 
28.31 


4S.4 
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Even  assuming  that  the  buyer  of  a  ranch  has  paid  down  the  entire 
cost  price  and  has  his  ranch  clear,  he  is  not  yet  safely  established,  for 
he  needs  in  addition  a  considerable  working  capital  in  order  to  buy  the 
necessary  equipment  and  keep  it  in  repair.  This  accoimts  for  the 
fact  that  in  some  cases  where  ranches  were  entirely  free  of  debt 
owners  have  been  obliged,  by  reason  of  lack  of  working  capital  and  a 
series  of  imf  avorable  seasons,  to  mortgage  their  ranches  and  eventually 
lose  them. 

Table  V  shows  the  pfer  cent  of  interest  realized  on  investment  per 
box  at  various  prices  for  fruit.  Figured  on  a  basis  of  average  annual 
yield  per  acre,  the  apple-land  investment  per  box  is  $2.73  for  Mesa, 
$2.13  for  Delta,  and  $1.62  for  Montrose,  or  $2.30  per  box  for  all 
orchards.  The  annual  cost  of  production  per  box  minus  the  interest 
charge  on  apple  land  for  these  coimties  respectively  is  $0,716,  $0,624, 
and  $0,637,  or  for  all  coimties  it  is  practically  $0.66  per  box.  It  is 
seen  that  with  fruit  at  $0.50  a  box  the  grower  on  the  farms  studied  in 
the  Grand  Valley  loses  7.9  per  cent  on  his  investment,  or  for  all  counties 
he  loses  6.95  per  cent.  If  fruit  brings  $0.90  a  box,  he  makes  6.73  per 
cent  in  the  Grand  VkUey,  or  10.44  per  cent  for  all  coimties.  When  all 
coimties  are  considered  he  must  get  $0,844  per  box  in  order  to  make  8 
per  cent  interest  on  his  investment.  When  all  grades  of  box  apples 
are  considered  it  is  seldom  of  late  years  that  a  grower  receives  a  price 
of  $1  per  box  f .  o.  b.  on  his  apples,  and  the  average  is  usually  consid- 
erably less. 

Table  V. — Per  cent  of  interest  the  average  grower  realizes  on  his  investment  in  bearing 
apple  orchard  {125  ranches^  western  Colorado), 


Price 
per  box, 
f .  0.  b. 

Per  cent  of  interest  realited  on 
Investment. 

Mesa. 

Delta. 

Mont- 
rose. 

AU 
counties. 

10.50 
.60 
.75 
.90 
1.00 
'       1.25 

-  7.92 

-  4.28 
+  1.23 
+  6.73 
+10.39 
+  19.55 

-  6.83 

-  1.14 
+  5.91 
+  12.96 
+17.64 
+29.38 

-  8.51 

-  2.33 
+  6.93 
+16.19 
+22.36 
+37.79 

-  6.96 

-  2.60 
+  3.92 
+10.44 
+14.78 
+25.66 

LABOR. 

The  growers  of  Grand  Valley  depend  principally  on  day  labor  for  help. 
In  Delta  and  Montrose  Counties  considerable  month  labor  is  hired. 
The  average  price  paid  for  month  labor  varies  from  $30  to  $60  per 
month,  depending  on  the  privileges  the  laborer  receives.  In  all  three 
counties,  up  to  1915,  the  average  day-labor  rate  for  orchard  work, 
except  pruning,  was  25  cents  per  hour.  Pruning  was  35  cents  per 
hour.     Work  done  by  the  farmer  or  any  of  his  family  is  counted  at 
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the  current  rate.     Labor  conditions  are  as  good  as  can  be  expected. 
There  is  seldom  a  great  scarcity  of  help. 

Horse  labor  is  charged  at  a  nominal  rate  of  15  cents  per  hour. 
On  many  of  these  ranches  two  horses  are  kept  in  comparative  idleness 
throughout  the  year,  except  during  harvesting,  spraying,  hauling 
brush,  and  spring  cultivating.  Although  hay  is  cheap  and  little  grain 
is  fed,  it  costs  fuUy  15  cents  per  hour  for  productive  horse  labor. 

The  labor  on  apples  is  imevenly  distributed.  It  reaches  its  highest 
point  at  harvesting  time  and  during  thinning  in  the  latter  part  of  June, 
when  there  is  also  a  certain  amount  of  cultivating  and  spraying  to 
be  done.  It  is  high  in  March,  as  much  of  the  pruning  and  removing 
of  brush  from  the  orchard  is  done  during  that  month.  If  the  labor 
curve  for  the  few  men  who  smudge  were  shown  it  would  be  high  in 
April  and  May,  but  considering  the  general  practice  the  curve  is  low 
in  April.  The  accompanjring  labor  chart  (fig.  3)  shows  the  approxi- 
mate annual  distribution  of  labor  on  an  acre  of  bearing  orchard 
(125  records). 

THE  ORCHARDS. 

LOCATION. 

The  fruit  district  known  as  the  Grand  Valley  is  situated  in  Mesa 
County,  of  which  Grand  Junction  is  the  county  seat.  Locally  the 
Grand  Valley  district  is  divided  into  four  diflFerent  districts,  known 
as  the  PaUsade  district,  the  Clifton  district,  the  Grand  Junction 
district,  and  the  Fruita  district.  These  districts  all  merge  into  each 
other,  but  have  more  or  less  distinctive  features.  The  principal 
fruiting  section  of  the  Grand  Valley  is  about  30  miles  in  length.  The 
oldest,  largest,  and  most  famous  district  is  that  about  Grand  Junction. 
Here  nearly  aU  peach  orchards  have  been  or  are  being  eradicated. 
In  the  CUf ton  district  are  foxmd  about  as  many  pears  as  apples,  and 
there  is  no  doubt  that  the  soils  about  Clifton  are  well  suited  to  the 
growing  of  pears.  The  Pahsade  district  is  primarily  devoted  to 
pea(;hes.  In  the  Fruita  district,  which  has  now  lost  much  of  its 
commercial  importance,  apples  come  first,  with  a  few  pears  and  prac- 
tically no  peaches. 

In  the  Grand  Valley  the  fruit  is  not  located  on  mesa  lands,  except 
on  Orchard  Mesa,  across  the  river  from  Grand  Jimction.  Most  of 
the  fruit  is  in  the  main  river  valley,  but  Ues  back  some  distance  from 
the  river,  owing  to  the  lands  first  settled  next  to  the  river  having  gone 
to  seep. 

In  Delta  County  the  fruit  occupies  a  much  more  scattered  area. 
The  fruit  in  this  county  is  located  from  Delta  to  Paonia  in  the  vaDey 
of  the  Gunnison  and  the  North  Fork  of  the  Gunnison.  The  bearing 
apple  orchards  are  found  principally  about  the  towns  of  Austin, 
Cedaredge,  Hotchkiss,  and  Paonia.  With  few  exceptions  these 
orchards  are  located  on  mesa  lands. 
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In  Montrose  County  the  orchards  are  practically  all  on  the  mesa 
lands,  the  most  important  of  which  is  Spring  Creek  Mesa.  Ash  and 
Califomia  Mesa  also  have  a  small  amomit  of  fruit. 

SIZE  OF  ORCHARDS. 

The  size  of  the  bearing  orchards  found  on  farms  varies  greatly,  the 
extremes  of  the  records  in  Mesa  being  2  and  27  acres,  the  majority 
being  between  5  and  10  acres.  In  Delta  the  variation  was  from 
3  to  45  acres,  the  majority  being  between  6  and  15  acres,  and  in 
Montrose  from  5  to  40  acres,  and  an  average  of  between  10  and  15 


FiQ.  4.— A  15-year-oId  Ben  Davis  orobard  in  fall  bearing  located  on  Spring  Creek  If eea,  If pntrosc 
County.  Note  the  vigorous  growth  of  these  trees  wMch  have  been  heavliv  manured.  This  orchard 
has  always  been  clean  cultivated. 

acres.  Of  young  apple  trees  there  was  an  average  acreage  per  farm 
of  3.6,  4.94,  and  3.56  acres,  respectively,  in  Mesa,  Delta,  and  Mon- 
trose Counties. 

AGS  OF  ORCHARDS. 

The  orchards  from  which  records  were  taken  were  fairly  imiform 
in  age,  averaging  17i  years  in  Mesa,  17  in  Delta,  and  16J  in  Mont- 
rose. PracticaDy  all  were  between  the  ages  of  12  and  20  years. 
There  are,  however,  many  orchards  older  than  20  years,  but  these 
are  not  the  commercial  orchards  and  are  usuaUy  of  small  acreage. 
At  the  time  of  this  investigation  there  were  practicaUy  none  over  30 
years  of  age. 
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VARIETIES. 

A  great  number  of  varieties  of  apples  are  found  in  this  region.  In 
the  old  orchards  there  are  varieties  of  every  season  and  often  not 
enough  of  any  one  to  market  in  commercial  quantities.  In  the 
orchards  over  20  years  of  age  one  often  finds  over  10  or  12  varieties, 
and  one  grower  in  Delta  claimed  161  distinct  varieties.  This,  of 
course,  is  an  exception.  Usually  these  early  orchards  were  set  out 
for  family  use;  hence  the  great  number  of  varieties  of  different 
seasons  of  ripening. 

For  the  most  part  the  apples  which  were  considered  of  commercial 
importance  20  years  ago,  such  as  Baldwin,  Rails',  Willowtwig,  Smith 
CSder,  Lawver,  Missouri,  Ben  Davis,  and  others,  are  not  considered 
as  such  to-day.  Ben  Davis,  however,  still  is  one  of  the  leading  com- 
mercial varieties,  though  it  is  seldom  found  in  the  young  orchards. 

The  variety  of  greatest  commercial  importance  here  is  the  Jonft- 
than.  In  the  bearing  orchards  studied  this  is  followed  by  Ben  Davis, 
but  in  the  young  orchards  and  those  coining  into  bearing  it  is  followed 
by  Winesap,  Gano,  and  Rome  Beauty,  each  of  about  equal  importance. 
Other  varieties  of  considerable  commercial  importance  are  Missouri, 
Arkansas  (Mammoth  Black  Twig),  Arkansas  Black,  White  Pear- 
main,  and  Grimes.  The  younger  plantings  are  made  up  of  varieties 
now  regarded  as  commercial,  such  as  Jonathan,  Winesap,  Gano,  Rome 
Beauty,  Grimes,  Wealthy,  and  a  few  DeUcious  and  Banana. 

NUMBEB  OF  TREES  PES  ACRE. 

There  is  an  average  of  70  trees  per  acre  in  the  bearing  orchards  of 
Mesa  County,  78  trees  per  acre  in  Delta  Coimty,  and  71  trees  per 
acre  in  Montrose.  The  trees  per  acre  in  Mesa  range  from  42  to  125, 
in  Delta  from  40  to  133,  and  in  Montrose  from  39  to  100.  This  wide 
variation  is  due  to  the  method  used  in  setting.  On  the  farms  studied 
in  Mesa  Coimty  there  were  8  orchards  set  20  by  20  and  7  set  30  by 
30  on  the  square.  Several  used  the  diagonal  or  quincunx  system 
of  setting.  In  Delta  and  Montrose  there  was  fully  as  much  variatioiL, 
some  old  orchards  on  the  lowlands  being  set  as  close  as  15  by  15. 
However,  the  method  more  generally  in  use  now  is  the  diagonal  plan. 
Most  of  the  younger  orchards  are  now  set  28  by  28  or  30  by  30  on 
the  diagonal. 

ORCHARD  MANAGEMENT  PRACTICE. 

Under  orchard  practice  is  included  manuring,  pruning,  hauling 
and  burning  brush,  plowing  and  all  cultivating  operations,  irrigat- 
ing, thinning,  putting  on  and  tending  codling-moth  bands,  spraying, 
scraping  trees,  harvesting  labor,  including  all  labor  used  in  hftnHlh^g 
the  crop  from  the  time  it  is  picked  from  the  trees  xmtil  delivered  at 
the  warehouse  or  station,  and  certain  minor  items  classed  as  '^mis- 
cellaneous." 
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MANURING. 

In  the  Grand  VaDey  the  application  of  manure  on  orchards  is 
not  a  general  practice.  The  ranchers  of  this  vicinity  keep  but  a 
small  amount  of  stock  and  thus  little  manure  is  produced  on  the  farm. 
Sixteen  of  the  49  growers  visited  in  Mesa  County,  or  32.6  per  cent, 
make  a  practice  of  manuring  aU  or  part  of  their  orchard  each  year. 
The  labor  cost  per  acre  is  $2.04  and  the  material  cost  $3.57.  In 
Delta  Coimty  a  large  proportion  of  the  growers  apply  manure,  owing 
to  the  fact  that  Delta  is  a  more  general  farming  county  than  Mesa, 
and  the  average  number  of  animals  units  per  farm  is  larger.  Thirty- 
one  (50.8  per  cent)  of  the  61  men  visited  in  this  cotmty  apply  manure. 
Here  the  cost  of  labor  per  acre  is  $2.62;  of  material,  $6.38.  In  Mont- 
rose County  the  type  of  farming  is  still  more  general,  and  more  stock 
is  kept;  hence  a  stiU  greater  percentage  of  growers  apply  manure. 
Ten  of  the  15  men  visited  in  Montrose,  or  66  per  cent,  practice  manur- 
ing, at  a  cost  of  $4.28  per  acre  for  labor  and  $6.35  for  material  (see 
fig.  4). 

For  the  three  cotmties  there  is  an  average  annual  acre  charge  of 
10.62  man-hours  and  20.20  horse-hours,  and  an  average  application 
of  7.71  tons  per  acre,  for  the  57  men  (45.6  per  cent)  who  practice 
manuring. 

It  should  be  explained  in  this  connection  that  the  manure  applied 
per  man-hour  appears  low  because  of  the  fact  that  there  is  but  httle 
manure,  which  usually  is  drawn  out  in  very  small  loads  and  applied 
only  where  most  needed.  Thus,  these  figures  would  not  be  applic- 
able to  conditions  in  which  plenty  of  manure  is  available.  (See 
Table  VI.) 

Commercial  fertilizers  are  not  used  in  this  region. 

Table  VI. — Manuring  practice  and  costs  for  farms  studied. 


Item. 

MmL 

Delta. 

Mon- 
trose. 

AH 
ooantfes. 

Fanns  applying  manure: 

18 
82.0 

11.  M 
23.72 

7.28 
16.25 
$10  02 

8.71 
7.42 
2.38 

81 
M.8 

0.0 

17.0 

8.37 

85.16 

812.56 

6.08 
0.10 
4.25 

10 
66.7 

11.66 
23.32 
6.35 
86.41 
80.53 

7.77 
15.56 
4.23 

67 

Pw  owit  of  ftll  farms 

45.6 

Averages  per  acre  for  fanna  applying  manure: 

Man-holm  .  . . 

10.62 

Horae-hours 

20.20 

Tons  of  manure 

7.71 

Cost  of  labor 

85.60 

811.56 

AycfBges  per  acre,  distributed  over  all  farms  studied: 

Hofse-houiiiy.*."!!. !!'.!!!!.!. .11*!. !!!'.!.*.!!*.".!!!!! !!!.!!. 

Tons  of  manuTp 

4.84 
0.21 
8.51 

Cost  of  labor 

82.04 
83.57 

82.62 
86.38 

84.28 
86.35 

82.50 

Cflfft  of  mAt4*riAl 

85.27 

Total  cost 

85.61 

80.00 

810.62 

87.86 
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PRUNING. 

Pruning  is  an  operation  practiced  every  year  by  all  growers.  It 
is  done  during  the  winter  or  dormant  season.  Hired  help  is  usually 
paid  more  than  the  regular  rate  for  pruning,  as  this  operation  requires 
skill.  If  a  grower  prunes  for  another  he  usually  values  his  time  at 
35  cents  per  hour,  so  in  pruning  this  rate  is  used. 

In  Mesa  County  the  49  growers  prune  an  average  of  11.18  trees 
in  10  hours,  which,  with  an  average  of  70  trees  per  acre  in  the  county, 
amoimts  to  62.61  man-hours  per  acre,  which,  figured  at  35  cents  per 
hour,  makes  an  average  annual  acre  charge  of- $21.91.  The  trees  in 
Mesa  average  17  years  in  age.     (See  Table  VII.) 

In  Delta  County  less  time  is  given  to  pruning  than  in  Mesa.  The 
61  growers  in  this  county  prune  an  average  of  16.34  trees  in  10  hours, 
which  makes  the  annual  acre  charge  $16.71.  The  trees  average  17 J 
years  in  age. 

In  Montrose  Coimty  the  time  required  is  slightly  greater  than  in 
Delta  County,  one  man  pruning  14.61  trees  in  10  hours,  at  a  cost  of 
$17.01  per  acre.     The  trees  average  16i  years  in  age. 

If  the  pnming  costs  of  the  125  records  are  combined,  it  is  found 
that  with  an  average  of  74  trees  per  acre  one  man  will  prune  14.11 
trees  in  10  hours,  or  spend  53.67  hours  per  acre,  or  a  cost  of  $18.78 
per  acre  on  17-year-old  trees,  making  an  annual  charge  of  $0,254  per 
tree  for  pruning. 

The  orchards  surveyed  in  these  three  coimties  were  of  such  uniform 
age  that  the  diflFerence  between  individual  records  depends  more  on 
the  individual  growers^  system  of  pruning  than  any  diflFerence  in  age 
of  orchards.  Varieties  and  methods  of  pruning  influence  the  cost. 
For  histance,  the  cost  of  pruning  Winesap  or  Arkansas  Black  is 
more  than  that  of  pruning  Ben  Davis  or  Gano. 

The  systems  of  pruning  are  many,  but  the  general  method  is  to 
prune  for  an  open  head  and  a  low  tree,  with  plenty  of  fruiting  surface. 
Much  of  the  pruning  is  done  by  means  of  pruning  shears,  since  on 
account  of  the  re^lar  pruning  which  the  orchard  receives  there  are 
not  many  large  limbs  to  cut. 

Table  Vll. — Labor  costs /or  pruning  (125  ranches^  western  Colorado). 


Item. 


Nurabor  of  estIraaU»s 

NiimlMjr  of  tre«As  ptT  acre 

Ago  of  trees 

Numljer  of  trfes  pnined  in  10  hours. 
Mttti-hoiirs  per  acre.. 


49 

70 

17 

11.18 

e2.61 

Cost  per  acre I     $21.91 


Mc«a. 


Delta. 


Hon- 


All 


trose.      ocxnities. 


01 

7B 

17| 

10.34 

47.73 

$16.71 


I 


15 
71 

14.01 

48.59 

$17.01 


12S 

74 

17 

14.  U 

53.67 

$18.78 
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HAULING  AND  BURNING  BBUSH. 

The  cost  of  picking  up,  hauling,  and  burning  or  getting  rid  of  the 
brush  from  the  orchard  varies  greatly,  according  to  the  facilities  for 
handling  it.  In  the  three  counties  the  usual  method  is  to  pick, 
haul,  and  bum  at  the  same  time.  In  Mesa  County  22  growers  use 
a  1-man  2-horse  crew,  22  use  a  2-man  2-horse  crew,  and  5  use  a 
combination  of  crews  and  methods.  It  is  found  that  here  the  1-man 
2-horse  crew,  with  a  total  cost  of  $4.11  per  acre,  is  slightly  more 
efficient  than  the  2-man  2-horse  crew,  which  costs  $4.82  j>er  acre. 
There  were  not  enough  records  of  other  combinations  to  justify 
conclusions.  In  Delta  County  19  men  used  a  1-2  crew,  37  a  2-2 
crew,  and  5  other  methods.  Here  the  2-2  crew  was  not  nearly  so 
efficient  as  the  1-2  crew,  the  former  costing  $4.06  per  acre,  as  against 
$2.96  for  the  latter.  In  Montrose  Coimty,  with  four  1-2  crews  and 
ten  2-2  crews,  there  is  a  diflference  in  cost  of  $0.30  per  acre  m  favor 
of  the  1-2  crew  on  the  farms  studied. 

The  total  costs  for  the  three  coim ties,. regardless  of  the  crews  used 
as  weU  as  the  time  and  cost  of  the  three  counties  combined,  are 
given  in  Table  VIII. 

Table  VIII. — Time  and  cost  per  acre  for  dispoiing  of  brueh  {125  ranches,  western 

Colorado), 


Item. 

MMa. 

Delta. 

Hon- 
trose. 

AH 
counties. 

Number  o'  rworriit  -  ■,  r 

49 

9.75 

12.84 

$4.36 

61 

8.46 

9.90 

$3.60 

15 

6.43 

7.78 

$2.77 

125 

8  72 

Numbcir  d  horee^ours 

ia64 

Cost 

$3.78 

CULTIVATION. 

Under  the  general  heading  of  cultivation  are  grouped  all  the 
various  tillage  operations.  These  are  plowing,  disking,  harrowing 
with  both  spike  and  spring  tooth,  floating,  cultivating,  and  marking 
or  creasing  out  the  furrows  for  irrigation.  The  normal  time  has 
been  obtained  for  these  different  operations  and  the  cost  per  acre 
for  each  operation  figured,  but  in  the  final  charge  the  same  system  of 
distributing  the  cost  is  used  as  previously  explained. 

On  account  of  the  fact  that  clean  cultivation  is  being  abandoned 
in  this  region  and  the  use  of  a  mulch  crop  is  coming  into  a  more  general 
practice,  especially  in  Delta  County,  the  final  figures  for  cultivation 
are  too  low  for  clean-cultivated  orchards.  At  the  time  of  this  inves- 
tigation an  attempt  was  made  ^o  separate  the  cultivating  costs  on 
the  clean  cultivation  records  from  the  costs  on  mulch  crops  or  sod 
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orchards,  but  on  account  of  the  fact  that  the  change  in  practice  from 
clean  cultivation  to  the  use  of  a  mulch  crop  or  sod,  is  now  in  a  transi- 
tory stage  and  has  not  been  in  practice  long  enough  to  affect  yields, 
it  was  difficult  in  many  cases  to  determine  which  orchards  should 
be  regarded  as  clean  cultivated  and  which  as  mulch  crop.  Many 
use  a  thick  growth  of  weeds  for  a  mulch  crop,  and  in  such  cases  there 
is  often  considerable  cultivation  before  the  weeds  are  allowed  to 
grow.     (See  Table  IX.) 

Table  IX.—Rarwhes  clamfied  by  soil  management  {125  randies,  western  Colorado). 


Soil  management. 


Clean  cultivation. . 

Clover 

Weeds 

Alfalfa 

Votrh 

Alfalfa  and  clover . 


Number  of  ranches. 


Delta. 


18 


Mootrose. 


AH 
ooonUes. 


a 

31 

16 

» 

1 


Plowing  is  sometimes  done  in  early  spring,  but  most  men  plow 
in  the  late  fall.  A  few,  particularly  in  Delta  County,  plow  the  mulch 
crop  imder  during  the  summer.  By  plowing  in  the  fall,  the  ground  is 
given  the  full  benefit  of  the  moisture  of  the  snow  which  falls  during 
the  winter. 

Some  ranchers  do  not  plow  every  year.  In  Mesa  County,  for 
example,  25  men  plow  every  year,  12  plow  every  2  years,  5  plow 
every  3  years,  and  1  plows  every  4  years,  making  a  total  of  43,  or 
nearly  88  per  cent,  who  plow.  However,  the  percentage  is  reduced 
to  67  if  figured  as  an  annual  charge  against  the  total  number  of 
records.  For  Montrose  this  percentage  is  the  same  as  for  Mesa;  for 
Delta  it  is  48. 

The  plowing  cost  per  acre  for  all  counties  is  $3.83,  one  man  and 
team  plowing  1.44  acres  per  day.  There  is  never  more  than  one 
plowing  during  the  season,  but  the  cultivating  tools  are  used  after 
each  irrigation  to  a  certain  extent. 

In  Table  X  the  125  ranches  are  classified  according  to  practices  in 
cultivation. 
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Table  X. — CtUtivaiion  practices  {125  rancheSj  western  Colorado). 


Dbk 

spring-tooth... 

Spike-tooth 

CulUvate 

Float 

^ease 

IrrteotioD. 

Disk 

Spring-tooth... 
Spike-tooth.... 

Cultivate. 

Float 

Crease 

Irrigation. 

Disk..:. 

Spring-tooth... 
Spike-tooth — 

CulUvate 

Fkjftt 


Irrigation. 

Disk 

Spring-tooth... 
Spike-tooth.... 

Cultivate 

Float 

Crease. 

Irrigation. 

Disk..;. 

Spring-tooth... 
Spike-tooth..., 

Cultivate 

Float 

Grease 

Irrigation. 


Mesa. 


1.8 

2 

1.8 

1.6 

1.2 

1 

2 

1.7 
1.3 
1.9 

1 
1 


1.2 
1.4 

1 
1 


1.7 

1 

1.7 

1 

1 


Pi 


20 
61 
37 
71 
100 

2 

6 
16 
65 
12 

77 

4 

4 
10 
49 

6 
67 


Delta. 


t 

II 


2 

1.5 

1.9 

2.1 

1.2 

1 

1.9 
1.6 

1 
1.8 


1.9 
1.4 
1.3 
1.9 

1 
1 

1.6 
1.7 
1.5 
1.3 

1 
1 


II 

&4 


59 
38 
23 
12 
31 
100 

18 
18 
5 
15 


Montrose. 


I 
II 


1.9 

2.3 

1.8 

2 

1.6 

1 

2.4 

1.3 

2 

2 

2 

1 

1.8 

1 

3 


1.7 
1 


2.3 

1 
3 


1.50 
1 


100 


13 


All  counties. 


|i 

5? 


68 
39 
44 
26 
62 
125 

17 
17 
12 
37 

8 
78 

15 
12 
10 
31 
8 
57 

5 
8 
6 
14 

4 
26 


1.9 
1.8 
1.8 
1.8 
1.3 
1 

2.1 
1.6 
1.3 
1.9 
1.3 


1.9 
1.4 
1.6 
1.5 
1.3 
1 

2 
1.5 

1:1 

1.3 
1 


50.4 
31.2 
35.2 
20.8 
49.6 
100 

13.6 
13.6 

9.6 
29.6 

6.4 
62.4 

12 

9.6 

8 
24.8 

6.4 
45.6 

4 

6.4 

4.8 
11.2 

3.2 
20.8 


0.8 
0.8 
1.6 


Creasing  is  a  universal  practice  before  the  first  iiTigation,  and  when 
there  are  any  cultivations  between  irrigations  the  operation  is  re- 
peated. The  next  most  prevalent  practice  in  cultivation  is  the  use 
of  the  disk,  followed  by  the  float,  spike-tooth,  spring-tooth,  and 
lastly  the  cultivator,  in  the  order  named.  In  Table  X,  however,  the 
tools  are  named  in  the  order  in  which  they  are  used. 

The  disk,  usually  a  4-foot  or  6-foot  extension  disk,  is  used  quite 
generally  on  the  «Jfalfa  orchards  in  early  spring  and  perhaps  even 
after  one  or  two  irrigations.  The  spring-tooth  is  used  to  some  extent 
on  the  sod  orchards  in  early  spring,  but  is  largely  confined  to  clean 
cultivation.  Spike-tooth,  float,  and  the  cultivator  are  almost  en- 
tirely confined  to  the  clean-cultivation  orchards.  It  should  be 
explained  that  in  creasing  there  are  two  very  distinct  tools  used,  viz, 
a  cultivator  which  usually  makes  two  or  three  furrows  at  a  time  and 
the  shovel  plow,  which  makes  but  one.  The  cultivator  is  the  tool 
most  commonly  used,  except  in  sod  orchards,  where  there  are  many 
roots  to  contend  with,  where  a  shovel  plow  is  usually  used.  In  clean 
cultivation  one  horse  ordinarily  can  handle  a  shovel  plow,  but  under 
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the  conditions  which  make  the  use  of  this  tool  desirable  here,  two 
horses  are  commonly  used.  Indeed,  the  two-horse  team  is  most 
conmionly  used  in  all  operations.  More  than  two  horses  are  rarely 
used  and  only  a  few  men,  owners  of  small  orchards,  use  one  horse. 

In  order  to  show  the  normals  of  these  different  operations  as  arrived 
at  by  the  estimates  of  all  growers  who  practiced  them,  Table  XI  has 
been  prepared  merely  to  show  normal  time  required.  It  should  be 
imderstood  in  this  connection  that  these  normal  times  and  costs  do 
not  refer  to  the  actual  costs  per  record,  but  refer  only  to  the  actual 
average  cost  of  one  operation  on  1  acre  with  a  given  cultivating  tool. 
In  arriving  at  actual  costs  chargeable,  take  Mesa  Coxmty,  where  39 
per  cent  of  the  growers  of  the  county  practice  disking  before  the  first 
irrigation,  and  they  go  over  the  ground  an  average  of  1.8  times;  then 
to  find  the  cost  per  record,  using  an  acre  as  the  unit  for  the  county, 
take  the  normal  time  for  that  given  operation,  multiply  it  by  the  aver- 
age number  of  times  over,  and  then  by  the  per  cent  of  growers  hi  the 
coimty  practicing  the  operations,  as  2.28  (normal  man-hours  per 
acre)  X  1.8  (nimiber  of  operations)  X  0.39  (per  cent  of  men  who  prac- 
tice it)  —number  of  man-hours  chargeable. 

Number  of  man-hours  X  man-hour  rate  =  cost  of  man-labor. 
Number  of  horse-hours  X  horse-hoiu-  rate  =  cost  of  horse-labor. 

Normals  in  tliis  table  are  given  only  for  one-man  two-horse  crews,  as 
the  few  other  combinations  found  are  not  numerous  enough  to  give  a 
normal.  Cultivating  times  vary  somewhat,  according  to  conditions 
of  the  soU  and  the  season,  so  that  in  some  instances  more  than  one 
estimate  covering  cultivations  between  different  irrigations  have  been 
used  in  figuring  the  normal.  This  accomits  for  the  nimiber  of  esti- 
mates being  larger  in  some  cases  than  the  number  of  records. 

Table  XT. — Normal  time  in  ctUHvaHon  (l-m^n,  g-horse). 


Operation. 


JMow 

Dink 

Sprinp-tooth 

Spike-tooth 

Cultivate 

Creikse 

Shovel  plow  (1  man,  2-horae) 
Float 


Num- 
ber 
esti- 
mates. 


43 
22 
18 
40 
70 
106 
16 
43 


Mesa. 


Man- 

hours 

per 

acre. 


0.88 
2.28 
1.37 
1.18 
1.70 
1.12 
2.06 
1.33 


Acres 


1.46 
4.39 
7.30 
8.47 
£.88 
8.98 
4.86 
7.50 


Cost 
per 
acre. 


•8.77 
1.25 
.76 
.65 
.94 
.62 
1.13 
.73 


Delta. 


Num- 
ber 
esti- 
mates. 


40 
67 
45 
22 
27 
109 
10 
21 


Man- 
hours 
per 
ack«. 


7.26 
1.88 
1.63 
1.28 
1.09 
1.17 
1.92 
1.44 


Acres 


1.38 
5.32 
«.13 
7.81 
5.92 
8.54 
5.21 
6.94 


Cost 


$3.9 

1.01 
.90 
.70 
.« 
.ft 

LOB 
.39 
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Tablb  Xl.—Nbrmal  time  in  cultivation  (l-man,  t-horse) — Continued. 


Montrose. 

3  counties. 

OperatioD. 

Num- 
ber 
esti- 
mates. 

Man- 

per 
acre. 

Acres 

Cost 
per 
acre. 

Num- 
ber 
esti- 
mates. 

Man- 

hours 

per 

acre. 

Acres 

Cost 
per 
acre. 

Plow 

10 
20 
14 
10 
2 
84 

6.34 
1.41 
1.27 

.98 
1.33 

.86 

1.68 
7.59 
7.87 

10.75 
7.52 

11.76 

$3.49 
.78 
.70 
.51 
.73 
.47 

93 
99 
77 
72 
99 
248 
26 
79 

6.97 
1.87 
1.50 
1.18 
1.69 
1.10 
2.01 
1.28 

1.44 
6.35 
6.67 
8.47 
6.92 
10.00 
4.96 
7.81 

13.84 

Disk 

1.03 

.83 

Spike-tooth 

.66 

Coltlyate 

.98 

Crease 

.61 

SliOTel  dIow  (I  man.  J^horse) 

1.11 

Float 

15 

.gs 

10.80 

.61 

.70 

After  figuring  out  the  costs  of  aU  cultivation,  including  plowing, 
and  distributing  that  cost  over  the  total  number  of  records,  there  is 
indicated  for  Mesa  County  an  average  cost  of  $9.98  per  acre  as  com- 
pared with  $7.74  for  Delta,  where  less  dean  cultivation  is  practiced, 
and  $8.39  for  Montrose,  where  more  clean  cultivation  is  practiced 
than  in  Delta  but  less  than  in  Mesa.  The  average  for  the  three 
counties  is  $8.70.     (See  Table  XII.) 

Table  XII. — Coit  of  cultivation  onfarmt  studied. 


Item. 


Man-hours  per  acre. . 
Horse-hours  per  acre 

Cost  per  acre 

Cost  per  box 


18.66 
35.63 
19.98 
10.035 


DelU. 


14.08 
28.14 
$7.74 
10.027 


Montrose, 


15.25 
30.50 
S8.39 
10.080 


All 
counties. 


15.97 
31.36 
$8.70 
$0,090 


MULCH  CROPS. 

The  practice  of  using  a  mulch  crop  has  a  direct  bearing  on  the 
extent,  kind,  and  cost  of  cultivation.  The  term  mulch  cropping,  in  this 
connection,  refers  to  the  practice  of  growing  alfalfa,  clover,  or  any  other 
crop  in  the  orchard  to  be  taken  off  as  hay  or  turned  under  as  fer- 
tilizer. Strictly  speaking,  in  many  of  these  cases  these  crops  might 
be  referred  to  as  shade  crops  instead  of  mulch  crops.  The  growers 
call  them  cover  crops.  Up  to  three  or  four  years  ago  clean  cultiva- 
tion* was  the  imiversal  practice,  and  the  method  was  more  intensive 
than  that  now  in  vogue  (see  fig.  5).  However,  the  practice  of  using  a 
mulch  crop  has  been  gaining  in  favor  very  rapidly,  so  that  in  a  few 
years  it  is  likely  that  dean  cultivation  as  a  regular  practice  will 
be  generaUy  discontinued.  Considerable  cultivation  is  necessary,  of 
course,  even  with  a  cover  crop,  for  alfalfa  is  usually  disked  annuaUy 
and  clover  is  turned  xmder  every  two  or  three  years  and  the  orchard 
cultivated  for  a  year  before  it  is  sown  again.  When  weeds  or  sweet 
clover  are  used  as  a  mulch  crop  the  orchard  is  clean  cultivated  during 
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the  first  part  of  the  season  and  they  are  allowed  to  grow  after  the  fiist 
or  second  irrigation. 

As  has  been  explained,  it  was  impossible  to  separate  the  figures  for 
the  different  kinds  of  soil  management  and  have  enough  records  of 
any  one  kind  to  give  the  figures  condusive  meaning,  so  that  all  woii 
is  averaged  over  the  total  number  of  records. 

t 

€ 
f 
t 


Fia.  5.— A  7-year-old  orchard  in  the  Grand  Valley  under  the  intensive  dean  onltural  system  of  aoO  an- 
agement.    Note  how  close  the  trees  are  set  in  the  row. 

of  getting  something  more  than  apples  from  their  ] 

the  year  1915  many  men  mowed  their  orchards  and 

for  feed.     The  few  men  who  cut  orchard  hay  harvest 

per  acre  of  alfalfa.     Clover,  less  frequently  taken  off, 

less  per  acre.     The  cost  of  harvesting  this  hay  is  abou 

and  the  local  price  $4  to  $8,  so  that  there  is  oft^n  a  o 

credit  to  an  orchard.     In  these  figures,  however,  owin 

crop  system  not  having  been  firmly  established  at  the  time  the  records 

were  taken,  no  consideration  is  given  to  hay  in  the  cost  tables.     In 

general,  however,  it  may  be  said  that  a  system  of  mulch  or  cover  crops 

cropping  is  becoming  very  popular  in  western  Colorado  and  intensive 

clean  cultivation  in  the  bearing  orchards  has  but  few  advocates  (see 

figs.  6  and  7). 
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IRRIGATION. 

The  cost  of  irrigation  depends  on  method,  quantity  of  water  avail- 
able, rate  of  flow,  topography,  condition  of  the  soil,  length  of  furrows, 


Fii.  6.— A  22  year-old  Grimes  orchard  locatei  on  sandy  soil  in  the  river  bottom  section  near  Paonia. 
The  clovrr  in  this  orchard  acts  as  a  shade  crop  and  is  sometimes  turned  under  but  never  uken  off. 


Pio.  7.— A  7-year-old  orchard  in  the  Grand  Valley  showing  the  clover  shade  crop  between  rows. 

width  of  furrows,  and  the  time  of  year.  The  usual  method  of  irriga- 
tion is  by  open  ditches.  The  water  is  carried  from  the  main  ditch 
to  the  ranches  in  smaller  open  ditches,  known  as  laterals.    From 

^Google 
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them  it  is  delivered  to  the  orchards  by  means  of  open  ditches, 
wooden  flimies,  or  pipes.  Piping  is  the  quickest  and  most  con- 
venient method,  but  this  system,  because  of  the  great  initial  expense, 
is  not  generally  used. 

In  the  Grand  Valley  (Mesa  County)  the  majority  of  the  growers 
water  their  orchards  from  the  Grand  VaUey  Canal  at  a  cost  of  S8 
cents  per  acre  per  annmn.  Water  from  the  Price  ditch  costs  p« 
year  about  $4  per  acre.  The  growers  interviewed  on  orchard  m^t 
have  to  pay  much  more  per  acre  for  their  water,  which  is  pumped. 
Along  the  Grand  River  and  canal  are  a  number  of  water  wiieek  that, 
raise  water  for  small  tracts.  (See  fig.  8.)  This  river  is  the  source 
of  aU  water  used  for  irrigation  on  the  farms  studied  in  Mesa  County. 


Fio.  8.—Method  of  raising  water  to  Irrigate  lands  above  the  Grand  VaUey  canal  near  Grand  Jonctloa. 

In  Delta  County  the  sources  of  irrigation  are  the  Gunnison  and 
Uncompahgre  Rivers  and  Surface  and  Forked  Tongue  Creeks.  The 
water  for  the  Paonia  and  Hotchkiss  district  is  largely  from  the  North 
Fork  of  the  Gunnison  River,  while  the  region  about  Austin  is  watered 
by  Surface  Creek.  The  water  sells  by  shares  at  an  annual  assess- 
ment per  share,  so  that  there  is  no  fixed  acre  charge  for  water  rent 

In  Montrose  County  the  water  for  Spring  Creek  Mesa  is  taken  from 
the  Government  project  canal,  which  was  completed  in  1910  and 
absorbed  the  canals  of  the  old  Uncompahgre  Ditch  &  Land  Co. 
Generally  speaking,  there  is  no  lack  of  water  for  irrigation  purposes: 
indeed,  water  frequently  has  been  applied  too  freely,  as  the  orchard- 
ists  themselves  testify.  In  many  places,  especially  in  the  Grand 
Valley,  the  ground  has  been  so  thoroughly  satiu-ated  that  alkali  his 
been  brought  to  the  surface  and  killed  himdreds  of  acres  of  formerij 
productive  orchards. 
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Tablb  XIII. — Number  of  irrigations  {ItS  ranches y  western  Colorado), 


Irrigitko. 


First... 
Second.. 
Third... 
Fourth. 
Fifth... 
Sixth.. - 
Seventh. 


(49  farms). 


100 
100 

05.9 

87.7 

51 

18.3 
0.1 


Hn. 
2.78 
2.71 
2.67 
2.53 
1.96 
1.43 
1.01 


Ht$. 

2.78 

2.71 

2.56 

2.22 

.99 

.26 

.06 


Delta  (61  fimns). 


i 


it 


100 

100 
96.7 
85.2 
54.1 
21.3 
8.2 


3.49 
3.41 
3.36 
3.39 
2.98 
3.61 
2.79 


HT9, 

3.49 
3.41 
3.25 
2.89 
1.61 
.77 


Montrose  (15  forms) 


100 

100 

100 
66.7 
33.3 
20 
6.6 


Hrg. 
3.64 
3.32 
3.32 
2.32 
2.02 
2.08 
1.20 


Hri. 

3.64 

3.32 

3.32 

1.64 

.68 

.42 

.08 


All  oounties  (125  farms). 


125 
125 
121 
105 
63 
25 
9 


100 
100 

96.8 

84 

50.4 

20 
7.2 


Hrg. 
3.23 
3.12 
3.09 
2.94 
2.50 
2.64 
2.02 


Hrs. 
3.28 
3.12 
2.99 
2.47 
1.26 
.53 
.15 


Table  XIII  shows  that  the  great^t  t'me  is  required  for  the  first 
irrigation,  with  a  sUghtly  shorter  time  for  the  second  and  third,  and 
that  thenceforward  the  time  decreases  with  each  irrigation.  This  is 
due  to  the  fact  that  the  fifth,  sixth,  and  seventh  irrigations  are  per- 
formed only  by  those  men  who  water  their  orchards  lightly  and  often, 
while  the  first  three  irrigations  include  all  who  water  heavily  and  but 
three  times  during  the  season.  Thus  it  will  be  seen  that  the  average 
time  for  irrigation  falls  off  as  the  number  of  irrigations  per  season 
increase. 

The  number  and  the  length  of  furrows  naturally  infltu^nce  the  time. 
Where  furrows  are  long  it  takes  considerable  time  for  the  water  to 
reach  the  far  end;  furthermore,  the  soil  tends  to  become  oversatu- 
rated  at  the  head  of  the  furrow.  The  number  of  furrows  varies  from 
3  to  8,  with  an  average  of  5,  about  an  equal  number  using  4,  5,  and  6 
furrows.  The  number  of  furrows,  of  course,  depends  on  width  of  row, 
tool  used,  kind  of  soil,  and  how  long  the  water  is  to  be  left  on.  The 
farther  the  furrows  are  apart  the  longer  the  water  is  left  on.  This  time 
varies  from  12  to  72  hoiirs,  but  is  usually  between  36  and  48  hours. 
The  number  of  sets  necessary  depends  on  the  quantity  of  water  used. 
The  usual  allowance  in  the  Grand  Valley  is  one-half  inch  per  acre. 
In  the  other  coimties  this  figure  varies. 

Table  XIV. — Cost  summary  for  all  irrigations  {125  ranches,  western  Colorado), 


Per  acre. 

Mesa. 

DeUa. 

Ifont- 
rose. 

Three 
ixmntles. 

Ifan-hoare 

11.59 
$2.90 

15.66 
13.91 

12.99 
$3.25 

SK 

Coat. 

A  comparison  of  time  required  throughout  the  region  for  irrigating 
in  sod  orchards  and  in  orchards  xmder  clean  cultivation  shows  that 
under  clean  cultivation  the  time  averages  about  one-half  hour  longer 
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per  acre  than  on  sod.    This  slight  difference  may  be  due  to  the  fact 
that,  in  general,  le^  care  is  taken  in  irrigating  orchards  in  mukli 
crop,  although  to  keep  the  mulch  crop  from  clogging  the  fmrovs 
often  entails  extra  work. 
In  Table  XIV  is  given  a  cost  summary  for  all  irrigatioDS. 

THINNING. 

Thinning  the  fruit  from  the  trees  is  a  practice  followed  by  the 
majority  of  growers.  This  operation  is  usually  done  in  June  or  July, 
most  growers  thinning  during  the  latter  part  of  Jime.  Thinning 
increases  the  size  and  color  of  the  remaining  fruit,  and  if  practiced 
systematically  eliminates  in  large  measure  the  cuU  or  poor  fruit,  thus 
saving  harvest  labor.  This  operation  is  done  by  hand,  either  by 
picking  the  apples  or  clipping  them  off  with  a  thinning  shears.  The 
low-headed  trees  are  most  frequently  thinned.  It  is  not  customary 
to  thin  branches  which  can  not  be  reached  from  a  stepladder.  Apples 
are  left  from  3  to  6  inches  apart.  Some  growers  thin  the  cli^ters 
so  that  no  two  apples  are  borne  on  the  same  fruit  spur. 

Condition  of  crop  and  variety  of  apple  are  the  most  important 
factors  influencing  thinning.  Some  varieties,  like  Winesap,  require 
so  much  more  thinning  than  others,  such  as  the  Arkansas  Black,  that 
a  general  average  of  time  required  per  acre  for  thinning  is  of  Uttle 
practical  significance  in  itself.  Estimates  were  obtained  from  each 
grower  as  to  the  number  of  trees  a  man  would  thin  per  10-hour  day, 
and  as  to  the  percentage  of  his  trees  thinned.  These  estimates  woe 
checked  up  with  his  estimate  of  the  average  time  spent  thinning 
his  orchard  per  year.  The  averages  derived  from  these  estimates 
are  shown  in  Table  XV. 

Table  XV. —  Thinning  practices  and  costi  (125  ranches^  western  Colorado), 


County. 

Number 

of 
records. 

Num- 
ber of 
records 

of 
thin- 
ning. 

Per 
cent 

thin- 
ning. 

Num- 
ber of 
trees 
per 
acre. 

Aver- 

or- 
diard 
(acree). 

Traes 
thinned 

in  10 
hours. 

Percent 

of 

trees 

thinned. 

trib- 
iit«d 
hoars 
per 
acre. 

Con 

p« 

Mesa 

49 
61 
15 

41 
45 
0 

83.7 
73.8 
40.0 

70 
78 
71 

8.22 
12.19 
13.66 

10.80 
16.45 

13.  SS 

45.3 
44.1 
96.0 

24.36 
15.43 
&3S 

lft« 

Delta 

Sff 

Ifontroee 

1.31 

All  counties 

125 

92 

73.6 

74 

10.81       13.06 

43.45 

17,71       4  IS 

I 

It  will  be  seen  from  these  figures  that  the  more  general  the  farm 
the  less  thinning  is  practiced.  There  is  a  decided  drop  in  Montrose 
County,  where  orchards  as  compared  to  those  of  Mesa  are  not  givHi 
a  great  deal  of  care.  It  is  significant  that  the  greatest  proportion 
of  cuU  apples  is  found  in  Montrose.  It  will  also  be  seen  that  the 
larger  the  orchard  the  less  time  is  spent  thinning  per  acre,  which 
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goes  to  account  for  the  fact  that  orchards  of  larger  acreages  on  the 
farms  studied  seldom  produce  as  large  a  percentage  of  extra  fancy 
fruit  as  do  those  of  smaller  size. 


PROPPING. 


So  few  growers  of  western  Colorado  practice  propping  that  this 
operation  need  not  be  discussed  here  as  a  regular  orchard  operation. 
Ail  propping  time  is  included  in  miscellaneous  labor. 

CODLING  MOTH  BANDS. 

A  practice  more  common  in  western  Colorado  than  in  any  place 
else  in  the  United  States  is  that  of  banding  the  tree  for  codling  moth. 
This  is  particularly  true  of  Mesa  County.  These  bands  are  made 
of  old  sacks  or  cloth  of  any  description,  but  the  most  satisfactory 
band  is  biu'lap.  A  band  is  placed  around  the  tree  from  8  to  12 
inches  from  the  ground.  This  is  done  about  the  middle  of  Jime  and 
the  band  may  be  taken  off  in  the  fall  or  left  on  the  tree.  A  band 
will  last  for  two  years  on  the  tree,  and  if  taken  in  diu'ing  the  winter 
will  last  longer.  These  bands  are  *' worked'*  every  week,  ten  days, 
or  two  weeks,  depending  on  the  prevalence  of  moths  and  the  impor- 
tance the  grower  attaches  to  the  practice.  By  working  the  bands 
is  meant  the  practice  of  removing  the  bands  at  one  end  from  the 
trees  and  'killing  the  codling  moth  larva.  The  larvae  after  coming 
from  the  apple  seek  a  place  to  pupate  and  select  the  band  as  an  ideal 
place.  A  few  growers  use  for  this  purpose  an  old  sack  stuffed  into 
the  fork  of  the  tree.  This  answers  practically  the  same  piUT)ose  as 
the  band,  although  probably  somewhat  less  effective. 

The  time  required  for  working  depends  very  largely  on  the  number 
of  worms  foimd.  Table  XVI  shows  that  the  practice  of  banding  is 
almost  entirely  confined  to  the  Grand  Valley,  or  Mesa  Coimty. 

Table  XVI. — Time  chargeable  per  acre  for  working  codling  moths. 


Item. 


BCeaa. 

Delta. 

Man- 
troee. 

An 

oountlss. 

49 
33 

61 
7 

11.5 
.11 
6.7 
1.21 
1.31 

10.33 

15 

125 
40 

67.3 

32 

.77 

.35 

6.5 
10.02 

5.33 
4.52 

10.78 

4.87 

$2.70 

$1.22 

Number  of  records 

Number  using  bands 

Percentage  using  bands , 

Time  chargeable  per  acre  to  put  on  bands  (hour) — 

Number  of  times  worked , 

Time  chargeable  per  acre  for  working  bands  (hours). 

Time  to  put  on  and  workbands  (hours) 

Cost  per  acre , 


SPRAYING. 


Spraying  is  one  of  the  more  important  orchard  practices  of  western 
Colorado,  and  one  which,  owing  to  a  number  of  factors  involved, 
varies  greatly  in  the  different  coimties. 
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The  codling  moth,  hecause  of  the  long  season  and  dry  climate,  is 
very  hard  to  control,  especially  in  Mesa  County,  where  conditions 
for  its  rapid  development  are  very  favorable.  In  Delta  County  the 
altitude  is  high  enough  and  the  dimate  moist  enough  to  render  the 
moth  much  less  troublesome;  indeed,  in  some  of  the  higher  orchards 
of  this  coimty  it  is  almost  xmknown.  For  this  reason  there  is  much 
less  spraying  in  Delta  than  in  Mesa  Coimty.  In  Montrose  County 
none  of  the  growers  visited  sprayed  over  three  times  for  the  moth, 
the  cost  for  that  district  falling  even  below  that  of  Delta. 

Besides  the  codling  moth  sprays  it  is  now  the  general  practice, 
enforced  by  law,  to  make  a  lime-sulphur  spray  for  San  Jose  scale. 
At  the  time  these  records  were  taken,  however  (1914),  only  a  few 
men  sprayed  for  scale.  Thus  the  cost  of  spraying  for  the  region 
has  been  very  materially  increased  since  the  figiu^es  here  presented 
were  obtained. 

Sprays  are  also  occasionally  made  with  tobacco  extract  for  aphis. 

CODUNO   MOTH   SPRAYS. 

In  Mesa  County  the  codling  moth  is  impossible  to  control  with 
present  methods  without  several  sprays.  Considering  all  records, 
Mesa  has  an  average  of  5.28  sprays  as  against  3.16  for  Delta  Coimty 
and  2.73  for  Montrose  County.  The  first  lead-arsenate  sprjiy  is  called 
the  calyx  spray  and  is  appUed  when  about  two-thirds  of  the  petals 
have  fallen  or  before  the  calyx  closes.  The  next  spray  follows  in 
about  10  days  or  2  weeks.  The  dates  of  spraying  always  depend  on 
the  relative  time  of  blooming,  weather  conditions,  and  the  relative 
abundance  of  the  moth.  The  grower  uses  his  own  judgment  to  a 
great  degree  as  to  when  and  how  often  these  sprays  should  be  applied, 
though  he  is  guided  to  some  extent  by  the  inspection  of  the  local 
association  or  county  agent. 

In  each  of  the  three  coxmties  spraying  in  the  bearing  orchards  is 
done  almost  exclusively  with  a  gasoline-power  spray  outfit.  Thirty- 
seven  of  the  49  growers  in  Mesa  own  spray  rigs,  while  12  hire  the 
spraying  done.  Of  the  61  growers  in  Delta  County  61  own  and  10 
hire.     Of  the  15  in  Montrose  all  own  except  one,  who  hires. 

The  customary  spray  mixture  for  codling  moth  is  arsenate  of  lead 
and  water.  Two  kinds  of  lead  arsenate  are  used,  paste  and  dry. 
As  over  90  per  cent  used  the  paste  lead  arsenate,  this  will  be  con- 
sidered here  as  the  general  practice.  In  Mesa  Coimty  the  lead 
arsenate  is  mixed  in  the  proportion  of  8  pounds  to  200  gallons  of 
water.  In  Delta  County  the  average  is  8.02  pounds  to  200  gallons, 
and  in  Montrose,  10.22  poimds  to  200  gallons.  The  regular  rate  of 
spraying  labor  is  $1  per  hour  for  man,  team,  and  rig.  This  figures 
the  man  labor  at  25  cents  per  hour,  the  team  and  rig  at  75  cents. 
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The  usual  spraying  crew  is  3  men  and  2  horses,  although  many  use 
2  men  and  2  horses.  On  the  farms  studied  approximately  73.5  per 
cent  use  the  3-2  crew  in  Mesa  Coxmty,  70.5  per  cent  in  Delta,  and 
73.3  per  cent  in  Montrose.  In  Mesa  20.4  per  cent  use  the  2-2  crew, 
19.6  per  cent  in  Delta,  and  6.7  per  cent  in  Montrose.  Of  all  other 
crews,  which  include  1-2  crews,  4-2  crews,  etc.,  2.04  per  cent  are 
foxmd  in  Mesa,  9.93  per  cent  in  Delta,  and  20  per  cent  in  Montrose. 
(See  Table  XVII.) 

Table  XVII. — Spraying  practices  (125  ranches,  western  Colorado), 


Spmy. 


Num- 
ber. 


Using  lime-sulphur  spray. . 
First  lead  arsemite  spray... 
Second  lead  arsenate  spray. 
Third  lead  arsenate  spray . 
Fourth  lead  arsenate  spray, 
Fifth  lead  arsenate  spray. . 
Sixth  lead  arsenate  spray.. 


Per 

cent. 


41 
100 
100 
100 
90 
86 
47 


Crew. 


3-2 


2-2 


All 
others. 


Delta. 


Num- 
ber. 


Per 
cent. 


7 

100 

98 

74 

36 

8 


Crew. 


3-2 


2-2 


All 
others. 


Spray. 


Using  Ume-sulphur  spray. . , 

First  lead  arsenite  spray 

Second  lead  arsenate  spray. . 
Third  lead  arsenate  spray... 
Fourth  lead  arsenate  spray. . 
Fifth  lead  arsenate  spray. . . . 
Sixth  lead  arsenate  spray. . . . 


Montrose. 


Num- 
ber. 


P«p 

cent. 


90 
100 
100 

73 


Crew. 


8-2 


2-2 


All 
others. 


All  counties. 


Num- 
ber. 


Per 
cent. 


27  I  21.6 
125  100 


124 
105 
60 
47 
23 


90.2 
84.6 
55.2 
37.6 
18.4 


Crew. 


3-2 


2-2 

AU 
others. 

4 

8 

23 

12 

26 

11 

23 

8 

17 

2 

12 

2 

5 

1 

Table  XVII  gives  a  general  idea  of  the  practice,  while  Tables 
XVIII  and  XIX  give  detailed  data  on  the  efficiency  of  the  3-2 
crew  as  compared  with  the  2-2  crew,  which  is  shown  to  be  fully  as 
efficient  as  the  3-2  crew.  This  is  because  ordinarily  the  third  man 
of  the  3-2  crew  is  a  driver  and  does  not  handle  an  extra  lead  of  hose. 
Thus  there  are  usually  only  two  leads  of  hose,  whatever  crew  is  used. 
Table  XX  summarizes  the  efficiency  data  for  the  3-2  and  2-2  crews. 
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Table  XVIII. — Cost  of  operation  for  S-raeUy  t-horse  spraying  crew. 


Spray. 

Number 

of 
records. 

Normal 
time. 

Acres 

Oallons 
per 
acre. 

Oallons 
per 
tree. 

Labor 
cost 
per 
acre. 

12.38 

cost         ^ 
acre.       ""*■ 

Lime  and  sulphur  spray 

22 

«« 

4.4 

358  1       5.1 

S8.2S  1   fiaa 

First  lead  arsenate  spray 

90 
87 
74 
50 
33 
17 

7.81 
7.62 
7.62 
7.83 
7.81 
7.98 

3.8 
3.9 
3.9 
3.8 
3.8 
3.8 

519 
462 
480 
614 
542 
585 

7.1 
6.3 
6.6 
7.1 
7.6 
8.4 

2.73 
2.67 
2.67 
2.74 
2.73 
2.79 

2.15 
l.M 
1.98 
2.05 
2.17 
2.34 

4.S8 

Second  lead  arsenate  spray 

4.5S 

Third  lead  arsenate  spray 

4.65 

Fourth  lead  arsenate  spray 

4.79 

Fifth  lead  arsenate  spray 

4.90 

Sixth  lead  arsenate  spray 

5.13 

All  lead  arsenate  sprays 

351 

7.73 

3.8 

501 

6.8 

2.71 

2,07 

4-78 

Table  XIX. — Cost  of  operation  for  2-menj  g-horse  spraying  crew. 


Spray. 

Numl)er 

of 
records. 

4 

Normal 
time. 

6.14 

Acres 

Oallons 
per/ 
acre. 

Oallons 
per 
tree. 

4.6 

7.T 
6.2 
6.0 
6.6 
7.2 
7.6 

Labor 
cost 
per 
acre. 

cost        tS 
acre.       "*•■ 

Lime  and  sulphur  spray 

3.3 

324 

$2.46 

2.4S 
2.21 
2.24 
2.15 
2.11 
1.99 

S7.45  1       90.01 

2.27 

First  lead  arsenate  spray 

23  i       6.21 

3.2 
3.6 
3.6 
3.7 
3.8 
4.0 

550 
458 
446 
490 
531 
532 

4  7S 

Second  lead  arsenate  spray  .     .   . 

26 
23 
17 
12 
5 

5.53 
5.60 
6.38 
5.27 
4.97 

1.89  1        4  10 

Third  lead  arsenate  spray 

1.84  r         AAA 

Fourth  lead  arsenate  spray. 

1.96 
2.12 
2.13 

4  11 

Fifth  lead  arsenate  sprav 

4  S 

Sixth  lead  arsenate  .spray 

4.13 

All  lead  arsenate  sprays 

106         6.61 

3.6 

491 

6.6 

2.24 

2.03 

4. 17 

Table  XX. — Summary  of  comparative  effideney  data  for  spraying  crews. 


Crew. 

Number 
of  sprays 
studied. 

351 
106 

Normal 
time  man- 
hours. 

7.73 
5.61 

Acres  per 
day. 

3.8 
3.6 

Gallons 
per  acre. 

Oallons 
per  tree. 

Cost  per  aere. 

Labor.     Material,      TotaL 

1 

.3  2        

501 
491 

6.8 
V      6.6 

2.71 
2.24 

Z07             $4.78 
2.03               4.27 

2-2 

LIME-SULPHUR  SPRAY. 


The  lime  and  sulphur  is  applied  during  the  dormant  season,  usually 
during  February  or  March,  and  is  applied  primarily  for  the  San  Jose 
scale,  and,  as  the  growers  express  it,  to  "clean  up  the  trees."  As 
stated  above,  comparatively  few  growers  were  using  this  spray  when 
the  records  here  presented  were  obtained.  The  average  solution 
used  is  1  to  10;  that  is,  20  gallons  of  lime-sulphiu*  and  200  gallons  of 
water. 


APHIS   SPRAYS. 


Another  spray  sometimes  applied  separately,  but  usually  in  con- 
junction with  one  of  the  lead  arsenate  sprays,  is  the  aphis  spray.  In 
Mesa  CJoimty  on  the  farms  studied  there  was  no  record  of  the  use  of 
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this  spray  on  bearing  apples.  In  Delta  County  18  men  used  the  aphis 
spray.  Of  these,  15  appUed  it  in  combination  with  a  lead  arsenate 
spray,  while  3  made  separate  sprays.  In  Montrose  Coimty  4  men 
used  the  aphis  spray  as  a  separate  spray.  In  either  case  the  usual 
mixture  was  1^  pints  of  tobacco  extract  to  a  200-gallon  tank.  In 
Montrose  203.8  gallons  per  acre  were  applied  as  compared  to  418  for 
the  3  separate  aphis  sprays  of  Delta  Coxmty  and  558  for  the  15  com- 
bination sprays. 

Table  XXI  summarizes  all  spraying  costs,  there  being  a  total  of 
S30.41  for  Mesa,  $16.68  for  Delta,  and  $12.36  (or  Montrose.  The 
high  spraying  cost  in  Mesa  has  already  been  explained.  These  costs 
are  all  figured  on  the  same  man-hour  and  horse-hour  rat^  basis  used 
in  figuring  other  orchard  operations.  The  few  who  hired  their  spray- 
ing done  were  charged  at  the  regular  rate.  The  upkeep  and  deprecia- 
tion of  the  spray  rig  is  an  important  item  which  will  be  taken  up 

under  discussion  of  equipment  and  machinery  depreciation. 

• 

Table  XXI. — Summary  of  costs  for  all  sprays  (126  ranches,  western  Colorado). 


Item. 

Mesa. 

Delta. 

AlIODUD- 

ties. 

lfan-ho"M ,  _ ,               

40.83 
20.3 

$14.50 
15.82 

24.71 
18.31 

$8.01 
7.77 

1&54 
13.77 

$6.55 
5.81 

30.20 

Hors^ours 

21.87 

Cost  per  acre: 

Labor 

$10.85 

Mftt«rlftl  ... 

10.68 

Total 

80.41 

16.08 

13.36 

31.53 

Gostjperbox: 

I^abor .  . 

.053 
.058 

.080 
.096 

.024 
.031 

0383 

M<^«Artftl .,    .      . 

0876 

Total 

.111 

.056 

.046 

0758 

SCBAPING  TREES. 


An  operation  of  important  bearing  upon  the  health  of  the  tree  is 
the  scraping  of  the  loose  bark  from  the  tnmk  and  lower  limbs  of  the 
tree.  This  is  done  usually  during  the  winter  or  early  spring  to 
remove  codhng-moth  larvae  or  other  insects  which  may  be  underneath 
the  loose  bark.  A  sharp  hoe  is  generally  used  for  the  purpose.  This 
practice  is  followed  principally  in  the  Grand  Valley,  where  30  growers 
of  the  49,  or  61.2  per  cent,  scrape  their  trees,  some  every  year  and 
others  every  2  years.  In  Delta  County  only  4  practice  scraping,  and 
in  Montrose  none.  On  the  farms  studied  the  average  number  of 
trees  that  a  man  will  scrape  in  10  hours  in  the  Grand  Valley  is  45; 
in  Delta,  according  to  the  4  records  taken,  53.  The  time  chargeable 
per  acre,  3.45  hours  in  Mesa  and  0.86  hoiu:  in  Delta,  has  been  counted 
imder  miscellaneous  labor. 
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MISCELLANEOUS  LABOR. 

All  major  orchard  operations  prior  to  harvesting  time  have  been 
discussed,  but  their  remain  many  minor  items  of  labor  which  in  the 
aggregate  have  considerable  weight.  These  items,  in  order  of  impor- 
tance are  cleaning  laterals  and  waste  ditches  (including  mowing 
weeds  along  the  ditches)  (see  fig.  9);  propping;  summer  pruning  or 
water  sprouting;  cleaning  up  the  packing  shed;  hoeing  weeds;  mov- 
ing weeds  or  mulch  crop  to  leave  on  the  groimd  as  a  mulch;  sowing 
mulch  crops,  and  other  occasional  items.    These  odd  costs  were  com- 


Fio.  9.— Cleaoing  a  waste  ditch  in  the  Grand  Valley  district.    This  operatioD  is  necessary  sticKtoas 
a  year  and  is  one  of  the  principal  items  of  misQellaneoiis  labor. 

bined  and  the  time  distributed  over  the  total  number  of  records  for 
each  county.     (See  Table  XXII.) 

Table  XXII. — Miscellaneous  labor  (125  ranches^  western  Colorado). 


Item. 


Man-hours,  per  acre. 
Horse-hours,  per  acre 

Cost  per  acre 

Cost  per  box , 


Men. 


12.35 

.71 

13.20 

iaoi2 


Delta. 


Mantras^ 


9.58 

3.33 

S2.» 

laoio 


1L5 
7.8 
14.05 
•a  015  , 


ABeofl 

Ubs. 


Ml* 


ORCHARD  HEATING. 

Orchard  heating  or  smudging,  as  it  is  generally  termed  by  groiwr? 
in  this  region,  has  for  several  years  been  very  much  out  of  favOTic 
western  Colorado.  There  are  now  few  men  left  who  have  the  equip- 
ment to  smudge  and  still  fewer  who  believe  in  it.  It  is  still  p^a^ 
ticed  in  the  Palisade  peach  district.     In  the  spring  of  1915,  wtei 
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severe  frosts  occurred  in  early  May,  only  a  very  few  apple  growers 
in  the  ^itire  Grand  Valley  set  out  their  smudge  pots  and  saved  their 
crops.  There  is  no  doubt  that  orchard  heating  paid  that  year. 
This  was  due  largely  to  weather  conditions,  the  night  being  so  still 
that  the  smoke  hung  in  thick  clouds  over  the  orchards.  Such 
results,  however,  are  exceptional.  In  the  early  years  of  the  fruit 
industry  orchard  heating  was  a  universal  practice,  but  owing  to  the 
great  expense  of  equipment  and  operation,  and  to  frequent  failure 
to  save  the  crop  owing  to  adverse  weather  conditions,  the  practice  has 
been  almost  whoUy  discontinued.  (See  fig.  10.)  Over  90  per  cent 
of  Mesa  growers  interviewed,  while  admitting  that  smudging  some- 


Fio.  10.— Discarded  smudgo  pots  oo  a  ranch  near  Grand  Junction.    Smudging  is  now  practiced  by 

very  few  growers. 

times  saves  the  crop,  maintain  that  as  an  insurance  it  is  too  expen- 
sive. There  are  a  few  men,  however,  who  have  followed  the  practice 
regularly  and  never  lost  faith  in  it.  Some  of  these  men  are  among 
the  most  successful  men  in  the  valley,  but  their  numbers  are  so  few 
and  their  costs  and  methods  so  various  that  no  accurate  average 
costs  for  smudging  coidd  be  obtained.  The  apple  growers  on  the 
farms  studied  in  the  lower  sections  of  Delta  County  formerly  prac- 
ticed orchard  heating,  as  did  all  those  of  Montrose,  where  many  still 
put  out  their  smudge  pots  every  year. 

In  the  discussion  of  cost  production  no  figures  for  orchard  heating 
are  taken  into  account,  since  not  enough  estimates  could  be  obtained 
to  constitute  reliable  data. 
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HARVESTING  OPERATIONS. 

Under  harvesting  operations  are  included  all  those  items  pertain- 
ing to  the  harvesting  of  the  crop  from  the  time  the  apples  are  picked 
until  they  are  delivered  at  the  station  or  warehouse.  These  opera- 
tions include  hauling  the  box  shooks,  making  the  boxes,  hauling  the 
empty  boxes  to  the  orchard  and  the  full  ones  to  the  packing  shed, 
picking,  grading,  sorting,  packing,  nailing,  and  stamping,  waiting, 
and  aU  other  packing-house  labor,  and,  lastly,  hauling  the  boxes  to 
the  loading  station.  These  operations  will  be  discussed  under  three 
general  headings,  viz,  hauling,  picking,  and  packing-house  time  and 
costs. 

HAULING. 

HAX7LINO  BOX  SHOOKS. 

In  hauling  the  box  shooks  all  the  growers  on  the  farms  studied 
hauled  with  a  1-man,  2-hor8e  crew.  The  average  distance  hauledior 
the  three  counties  was  3.11  miles,  with  a  cost  of  $0.0047  per  box,  the 
average  load  402  boxes.  Table  XXIII  shows  the  relative  cost  for 
the  farms  studied  in  the  three  counties. 

Table  XXIII. — Hauling  shoohs  {1-2  crew). 


County  and  number  of  records. 

Man- 
hours 
per 
acre. 

Horse- 
hours 
per 
acre. 

Boxes 
per 

Num- 
ber 
miles. 

Boxes 

per 
hour 

per 
mile. 

Cost  per 

box  per 

mQe. 

Cost 
per 
acre. 

Cflst 
per  box 
avenee 
distuHB 
haatod. 

Mesa,  49 

1.87 
2.77 
2.94 

3.73 
6.5S 
6.87 

428 
383 
400 

3.03 
3.13 
3.3 

446.8 
330.5 
305.4 

10.00123 
.00166 
.00180 

11.08      SaOQSIS 

Delta,  61 

1.53  1         .00519 

Montrose,  15 

1.62  1         .0Q6M 

All  counties,  12.'>     

2.44 

4.87 

402.68 

3.n 

373.06 

.00151 

1.34 

•  Q(H/i 

HAULING   PULL   BOXES  TO  CAR. 


As  in  hauling  shooks,  the  ordinary  crew  used  in  hauling  to  tiie 
station  is  the  1-man,  2-horse  crew.  The  average  for  the  three  coun- 
ties is  73.5  boxes  per  load;' distance,  2.45  miles;  cost  of  1  cent  i>er 
box  per  mile,  or  $0.0249  per  box  for  the  average  distance  hauled. 
As  will  be  seen  from  Table  XXIV,  the  cost  per  box  per  mile  varies 
but  little. 

Table  XXIV. — Hauling  full  boxes  to  car  {1-2  crew). 


County  and  number  of  records. 

Man- 
hours 
per 
acre. 

Horse- 
hours 
per 
acre. 

19.74 
30.20 
28.06 

Boxes 
per 

16CK1. 

Num- 
ber 
miles. 

2.1 

2.53 

8.8 

Boxes 
per 
hour 

mile. 

58.53 
49.20 
64 

Cost  per 

"ST 

Cost 
per 
acre. 

$5-43 
8.31 

Cost 
per  box 

distanee 
hauled. 

Mesa,  49 

Delta .  61 

9.87 
15.10 
14.04 

76 
71 
7« 

10.00940 
.01117 
.00860 

S0.«g?4 

Montrose,  15 

7.72 

.08888 

All  counties,  125 .. . 

12.92 

26.85 

73 

2.45  !    M.fU 

.01017 

7.11 

09fl8 
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HATTUNO  TO  ORCHAHD  AND  BACK  TO  PACKING  SHED. 

In  hauling  to  and  from  the  orchard  it  is  the  usual  practice  to 
haul  the  empty  boxes  out  and  distribute  them  as  needed  and  haul  full 
ones  in  on  the  same  truck  or  sled.  In  nearly  80  per  cent  of  the  records 
a  truck  is  used  for  this  purpose.  The  1-2  crew  is  the  most  conmion. 
For  the  smaller  orchards  the  hauling  is  often  done  by  the  owner, 
who  may  also  nail  up  the  boxes  or  do  other  work  about  the  packing 
house.  The  average  load  of  fuU  boxes  drawn  is  38  with  the  1-2 
crew  and  20  with  the  1-1  crew.  In  hauUng  out  the  empties  the  size 
of  the  load  is  about  double  the  nimiber  of  full  boxes  hauled  in.  Tables 
XXV  and  XXVI  cover  both  hauhng  out  and  in.  The  costs  per  box 
are  for  packed  boxes — ^not  loose  boxes  as  they  are  hauled  from  the 
orchard.  The  estimates  in  most  cases  were  that  3  loose  boxes  would 
make  2  packed  boxes  and  the  costs  are  figured  in  that  basis.  Table 
XXVII  serves  to  show  how  the  coimties  compare  in  practice  and 
time  and  cost  per  box,  regardless  of  the  method  used. 

Table  XXV. — Hauling  to  and  from  packing  sited  {1-2  crew). 


Coimty  and  number  of  records. 

Yield 
perajaj, 
packed 

Doxes. 

Yield 

per  acre, 

loose 

boxes. 

Man- 
hours 
per 
acre. 

Horse- 
hours 
per 
acre. 

Boxes 
per 
load. 

Boxes 
in  10 
hours. 

Cost 
per 
acre. 

Cost 
per  box. 

Me6a,41...: 

275 
294 
272 

413 
441 
408 

6.36 
9.82 
10.12 

12.73 
19.64 
20.24 

33 
40 
42 

649 
449 
403 

13.50 
5.40 
6.57 

10.0127 

Delta,  58 

.0184 

Mo(itr€6e,15 

.0206 

All  ooimties,  114 

284 

426 

8.62 

17.23 

88 

515 

4.74 

.01662 

Table  XXV] 

. — Hauling  to  and  from  packing  shed  (1-1  crew). 

Coonty  and  number  of  records. 

Yield 
per  acre, 
packed 

boxes. 

Yield 

perai^re, 

loose 

boxes. 

Man- 
hours 
per 
acre. 

Horse- 
hours 
per 
acre. 

Boxes 

.55. 

Boxes 
in  10 
hours. 

Cost 
per 
acre. 

Cost 
per  box. 

Mesa,8 

1 
275             413 
294              441 
272             408 

8.43 
16.52 

8.43 
16.52 

20  1        490 

21  !        267 

$3.37 
6.60 

10.01226 

Delta,3 

.02244 

Montrose,  0 



All  counties,  11...": 

284               426  1     10.64  1     10.64  1          20  1        429 

4.25 

.01504 

1 

The  average  distance  hauled  is  less  than  in  hauling  shocks,  for  in 
hauling  the  full  boxes  they  are  hauled  usually  to  the  nearest  railroad 
siding,  while  shocks  are  more  often  hauled  from  the  main  railroad 
station.  Some  growers  haul  part  of  their  shocks  back  with  them 
after  they  have  taken  a  load  of  full  boxes  to  the  car,  but  the  average 
time  and  costs  are  figured  on  the  practice  of  the  great  majority  of 
growers. 

A  few  growers,  particularly  in  Paonia,  haul  the  loose  boxes  to  the 
association  warehouse,  where  they  are  packed  at  a  fixed  cost  per  box. 
However,  none  of  the  growers  considered  in  these  records .  follow 
this  practice. 
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Table  XXYU.^Hauling  to  and  from  packing  shed  {1S5  records,  western  Colorado), 


County. 

Man. 

hoars 

per  acre. 

Horse- 
hours 
per  acre. 

Cost 
per  acre. 

C<jst 

per  box. 

Mesa,  40 

6.70 
10.16 
10.12 

12.02 
19. 4S 
20. » 

SS.4S 
5.46 
6.57 

laoisr 

Delta,61 

.01S5 

Montrose,  15 

.axis 

All  counties,  125 

8.7» 

16.65 

4.70 

.(H66 

PICKING. 


Picking  is  one  of  the  more  expensive  operations  connected  with  the 
apple-growing  industry.  The  season  of  picking  rarely  begins  on 
standard  varieties  before  September  1  and  lasts  not  later  than  Novem- 
ber 10.  Of  the  standard  varieties,  such  varieties  as  Jonathan  and 
Grimes  are  among  the  first  picked  and  Ben  Davis  and  Gano  are  among 
the  last.  Generally  speaking,  the  apples  are  picked  approximately  in 
order  of  their  keeping  quality. 

Picking  sacks  opening  from  the  bottom  are  generally  used,  the 
apples  being  transferred  from  the  sack  to  the  loose  boxes  in  which 
they  are  hauled  to  the  packing  shed.  Step  ladders  of  various  lengths 
are  used.  Many  of  the  apples  are  reached  from  the  ground;  indeed 
only  in  the  older  orchards  is  it  necessary  to  climb  about  the  trees. 

The  picking  is  done  almost  exclusively  with  day  labor,  in  w^hidi 
case  it  costs  over  6  cents  per  packed  box  to  pick  the  fruit.  Packers 
are  sometimes  hired  by  the  box  at  5  cents  per  box,  but  in  the  opinion 
of  the  average  grower  this  practice  does  not  pay,  since  any  advantage 
gained  is  more  than  offset  by  loss  entailed  by  c€ireless  picking.  TaUe 
XXVm  shows  picking  costs  by  coimties.  The  cost  per  box  varies 
from  $0,061  in  Mesa  to  $0,072  in  Montrose. 


MAKING  BOXES. 


The  grower  usually  makes  boxes  during  spare  time,  averaging  200 
to  300  per  day.  When  made  by  hired  help  working  by  the  piece,  the 
usual  rate  is  1  cent  per  box. 

Table  XXVIII. — Picking  costs  in  the  different  counties  (126  ranches,  western  Colorado). 


County. 


Mesa,  49 

Delta,  61 

Montrose,  15 

All  counties,  125 


Loose 
boxes  in 
10  hours. 


61.43 
56.28 
52.33 


57.82 


Packed 
boxes  in 
10  hours. 


4a  95 
37.52 
34.88 


38.55 


Houtb 
per  acre. 


67.15 
78.35 

78.27 


73.05 


Cost  per 
per  acre. 


116.79 
19.50 
19.57 


1&49 


Boxes 
per  acre. 


275 
294 
272 


284 


Cost  per 
box. 


90CO6140 
.0866 
.07m 


.06510 
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PACKING  COSTS. 

The  largest  item  of  labor  connected  with  the  harvesting  of  the  apple 
crop  is  the  packing-house  cost,  which  includes  the  cost  of  sorting, 
packing,  nailing,  waiting,  and  all  other  packing-house  labor,  including 
the  wages  of  a  packing  boss  where  one  is  used. 

As  will  be  seen  from  Table  XXIX,  there  is  a  very  wide  variation  in 
methods  used.  In  Mesa  Coimty  sizers  are  in  common  use.  In 
most  instances  these  are  merely  hand  sizers,  and  one  man  sizes 
the  apples  and  nails  for  the  packers,  though  in  some  cases  the  labor 
is  distributed  differently,  according  to  the  size  of  the  packing  crew. 
In  large  crews  it  takes  one  man's  time  to  wait  on  the  packers  and 
one  man's  time  to  nail. 

Table  XXIX. — Packing-house  practices. 


County. 


Mesa 

Delta 

Montrose 

Cotmtles 


Pack. 


5. 


So 


57 


Sort 
and 
pack. 


'2 

©o 


81 


NaU  and 
wait. 


35 


179 
173 
100 


174 


Grade 
and  naO. 


32 


^^ 


85 
So 


174 

180 

0 


174 


Grade. 


©2 


212 
250 
177 


212 


Hand 
sort. 


•a^ 


So 


100 
153 
125 


Nail. 


58 


®2 


300 
370 
278 


345 


In  the  figures  for  hand  sorting,  those  for  theseparatecoun  ties  are  given 
in  loose  boxes,  while'  for  the  entire  region  they  are  given  in  packed 
boxes.  In  figuring  the  cost  per  box,  as  shown  in  Table  XXX,  an 
average  cost  is  arrived  at  for  each  operation,  using  the  percentage  of 
the  125  growers  who  practiced  each  operation,  the  average  number 
of  boxes  which  constitutes  a  day's  work,  and  a  labor  rate  of  $2.50 
per  day  (the  labor  rate  used  in  calculating  all  packing-house  opera- 
tions). In  actual  practice,  packing  is  largely  piecework,  paid  for  at 
the  rate  of  from  4  to  6  cents  per  box,  depending  on  the  pack,  the 
size  of  fruit,  and  the  scarcity  or  abundance  of  help.  In  order  to  make 
the  figures  comparable,  for  many  of  the  small  growers  do  their  own 
packing  with  the  aid  of  their  wives  and  children,  the  regular  day  rate 
for  other  packing-house  labor  is  used,  the  result  being  practically  the 
same  as  when  the  rate  for  piecework  is  used.  The  miscellaneous 
colimm  includes  all  waiting  not  connected  with  nailing  or  other 
regular  operations,  trucking,  overseeing,  and  any  incidental  labor 
about  the  packing  house.  In  the  farms  studied  the  packing-house 
labor  charge  is  foimd  to  be  $0,068  per  box  in  Mesa,  $0,073  per  box 
in  Delta,  and  $0,079  per  box  in  Montrose,  or  $0,072  per  box  as  an 
average  for  the  Region. 
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Table  XKX.^Paekin/ff-house  charge. 


Ifeaa  (average  yield,  276). 

Delta  (average  yield,  204). 

McntraBe0^pn9}4d£, 

271), 

Operatioo. 

Per 
cent  of 
records. 

Cost  per  box.> 

Per 

Cost  per  box. 

Per 
ctntd 

Cart  per  IxsL 

Actual. 

RegionaL 

oeni  oi 
records. 

ActoaL 

RegioiiaL 

1 

leuauB^ 

AetnaL!  Besiaa. 

Pack 

77.6 

22.4 

82.6 

4.1 

03.3 

6.1 

8.2 

100 

10.0440 
.0610 
.0144 
.0072 
.0144 
.0118 
.0316 
.0030 

10.0841 
.0137 
.0047 
.0003 
.0001 
.0007 
.0026 
.0080 

6.6 

03.4 

29.6 

68.9 

1.6 

1.6 

3.3 

100 

10.0440 
.0610 
.0144 
.0072 
.0144 
.0118 
.0316 
.0029 

Sa0020 
.0570 
.0042 
.0(»0 
.0002 
.0002 
.0010 
.0029 

13.3 

86.7 

d3.3 

$0.0440       mo- 

Sort  »T|<I  pft'*k  - 

.0610           Ct 

Nail  and  wait 

.0144         jmt 

Nail 

.0073 ,      .m: 

OrAfiA  u!nii  nftll 

Orade 

e.7 

6.7 
100 

.0118  \      .«i 

Sort 

.0B16          .«£ 

.0006       .m 

Coat  DftT  box 

.068 

$ia76 
78.04 

.073 

$21.59 
86.37 

an 

Cost  per  acre 

== 

== 

ts_« 

Hours  Der  acre 

..::::.:i::::::-:i    &« 

1 

1  "Actual"  cost  is  the  cost  for  growers  reporting.    *'Regioaal"  cost  is  the  actual  cost  distribotad  awd 


The  totals  of  all  labor  costs  are  summarized  in  Table  XXXI.  Tke 
cost  per  box  varies  from  $0.37  in  Delta  to  $0.42  in  Mesa,  tie 
average  being  $0,394.  The  labor  cost  per  acre  on  all  reconk  i? 
$111.88.  There  is  considerable  variation  in  cost  on  su(^  itons  i^ 
spraying  and  thinning,  etc.,  owing  to  the  difference  in  the  intensii^ 
ness  of  the  farming  carried  on  in  the  three  comities. 

Table  XXXI.— /Summary  ofaU  labor  costs  (lt5  ranckUy  western  Colorado), 


Item. 


Mesa  (49  records,  27S  yield. 


Delta  (61  rwovds.  2M  yWd). 


Man- 
hours. 


Hors(v 
hours. 


Cost 
per 
acre. 


Cost 
box. 


Man- 
houiB. 


hours. 


Cost 


CM 


Manure 

Prune 

Haul  brush 

Thin 

Cultivate 

Irrigate 

Spray 

Codling-moth  bands 

Miscellaneous 

Haul  shooks 

Haul  to  and  from  orchard 

Haul  to  car 

Pick 

Pack,  nail,  grade 

Make  boxes 

Total 


3.71 

62.61 

9.76 

24.36 

18.65 

11.69 

40.83 

10.78 

12.35 

1.87 

6.70 

9.87 

67.16 

75.04 

11.00 


366.16 


7.42 


12.84 
*85.'63 


29.2 


.n 

3.73 
12.02 
19.74 


12.04 

21.91 

4.36 

6.09 

9.98 

2.90 

14.59 

2.70 

8.20 

1.08 

3.48 

5.43 

16.79 

18.76 

2.75 


•0.007 
.080 
.016 
.022 
.036 
.011 
.053 
.010 
.012 
.004 
.013 
.020 
.061 
.068 
.010 


121.29 


$116.01     $0,423 


5.08 
47.73 
8.46 
15.42 
14.06 
15.66 
24.  n 
1.31 
9.58 
2.77 
10.16 
15.10 
78.35 
86.38 
11.76 


346.50 


9.10 


9.90 
"28,14 


IS.  21 


3.33 

5.55 

19.48 

30.20 


$2L69 

16.  n 

3.60 

J- 86 

7.74 

3.91 

8.91 

.33 

2,» 

1.53 

5.  IS 

8.31 

19.5$ 

21.58 

2.94 


123.91  4109.99 


M 
.O 
.A. 
.V 

.c 
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Table  X2UUL,— Summary  of  all  labor  costs  {ItS  ranches,  western  Coloradoy-Oontd. 


Montrose  (15  rooords,  272  yield). 

All  records  (126,  284  yield). 

Item. 

Mail, 
houn. 

Hone* 
honn. 

Cost 
per 
•ore. 

Cost 

Man- 
hours. 

Hofse- 
hours. 

Cost 
per 
acre. 

Cost 

Ifao^ira                      

7.77 
48.59 
«.4S 
5.85 
15.26 
12.99 
18.54 

16.65 
*'*7.*78* 

"iaio* 

**ii'77* 

$4.28 
17.01 
2.77 
L34 
&89 
3.26 
6.55 

10.016 
.003 
.010 
.006 
.081 
.012 
.024 

4.84 
63.66 

8.72 
17.71 
15.97 
18.74 
3a  29 

4.87 

law 

2.44 
8.79 
12.92 
73.96 
81.87 
11.36 

9.21 
iaii" 

**8i.*36* 

*2i.'87' 

'i"84* 

4.87 

16.65 

25.85 

82.69 
18.78 
8.78 
4.43 
&70 
8.44 

ia85 

1.22 
8.14 
1.34 
4.70 
7.11 
18.49 
20.47 
2.84 

10. 009 

PniiM    .  ..  

.066 

HfMil  brmih 

.013 

Thin       .    -.  

.016 

Cultlyata 

.061 

Tniga.*^-                  

.012 

gpi^v 

.088 

rVMtH1fn0t.mnth  tMUiHa        

.004 

ICfclTfJlftTMttWIll. ..TT 

11.60 
2.94 
10.12 
14.04 
78.27 
85.84 
ia85 

7.80 
5.87 
20.24 
28.08 

4.06 
1.62 
5.57 
7.72 
19.67 
21.46 
2.72 

.015 
.006 
.021 
.028 
.072 
.079 
.010 

.011 

Hwi]  shookf 

.006 

Tfftnl  in  ftfwl  fmm  (ITRhJird 

.017 

Haul  to  MT 

.025 

Pick 

.085 

P«rf»lr    null    mdft    

.072 

mSSSJ-Lt                 

.010 

Totol 

328.48 

128.59 

8106.80 

10.302 

352.08 

123.20  1111.88 

80.394 

It  should  be  borne  in  mind  that  this  table  is  for  labor  only,  includ- 
ing no  material  of  any  kind,  and  that  it  represents  '^ut  about  50  per 
cent  of  the  cost  of  delivering  a  box  of  apples  f .  o.  b.  at  the  shipping 
station. 

YIELDS. 

In  determining  average  yields,  figures  were  obtained  for  five  years, 
where  possible,  and  an  average  taken  by  age  of  trees,  thus  scattering 
light  yields  occasioned  by  frost.  This  method  gives  a  fairer  figure 
than  -could  be  obtained  by  taking  the  average  by  years,  since  in  that 
case  the  light  yields  would  be  bunched.     (See  Table  XXXII.) 

Averages  were  taken  from  the  ages  of  13  to  18  years,  inclusive^  On 
th6  farms  studied  it  was  found  that  in  Mesa  County  the  average  yield 
for  full-bearing  trees  13  to  18  years  old  was  275  packed  boxes  or  3.9 
boxes  per  tree.  On  those  in  Delta  County  there  was  an  average 
yield  on  thd  same  age  trees  of  294  boxes  per  acre  or  3.8  boxes  per 
tree,  and  in  Montrose  County  there  was  an  average  of  272  boxes,  or 
3.8  boxes  per  tree. 

Tablb  XXXII. — Average  yield  per  acre  and  per  tree  {125  ranches j  western  Colorado). 


Yield 
acre. 

276 
294 
272 

rieia 
SZ 

tree. 

3.9 

8.8 
8.8 

Number  of  estimates  of  different  ages. 

County. 

13 
year^ 

14 
years. 

15 
years. 

16            17 
yean,     years. 

18 
years. 

13  to  18 

years 

fnotnsiiwe. 

M€sa 

22 

40 
11 

28 
33 
10 

26 
31 
9 

20 
81 
6 

21 
27 
6 

14 

19a 

Ddta 

13               176 
2                44 

Montrose 

Alloountles 

284 

3.8 

73 

66 

66 

57 

54 

29 

846 
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In  arriving  at  these  averages  the  same  weight  is  given  each  age, 
regardless  of  the  number  of  estimates,  thus  avoiding  weighted  aver- 
ages. In  getting  a  yield  for  the  three  coimties,  however,  an  av^age 
is  figured  on  the  basis  of  the  125  records  as  though  there  were  no 
division  in  counties,  thus  giving  each  record  its  proper  weight  in  the 
grand  average  of  all  records. 

On  the  farms  studied  it  was  foimd  that  the  average  yield  for  aD 
apple  orchards  between  the  ages  of  13  and  18  years  was  284  boxes 
per  acre,  or  3.8  boxes  per  tree.  The  imif ormity  of  the  yield  in  the 
three  different  counties  shows  that  these  figures  present  a  fsirly 
accurate  average.  The  yield  is  only  for  packed  boxes  of  mioJKt- 
able  fruit.  To  express  the  yield  in  terms  of  loose  boxes,  one-half  must 
be  added  to  this  average.  Packing-house  managers  and  growers 
agree  that  on  an  average  three  loose  boxes  pack  out  two  packed 
boxes. 

If  the  average  yield  for  each  individual  record  is  taken  r^ardless 
of  age  of  trees,  the  average  of  all  orchards  is  278  boxes  per  acre. 

In  order  to  determine  the  influence  of  the  size  of  orchard  on  yields 
104  individual  records  of  fairly  imiform  ages  were  used.  Of  these,  35 
were  over  10  acres  in  size.,  47  were  between  6  and  10  acres,  inclusive 
and  22  were  5  acres  and  under. 

Table  XXXJll.— Relation  of  size  of  orchard  to  yield. 


size  orchard. 

Number  of 
orchards. 

TMd 
per  acre 

(bOZflB). 

Over  10  acres 

35 
47 
23 

990 

6  to  10  acres,  inclusive 

1SS 

1  to  5  acres,  inclusive 

S16 

It  is  apparent  from  Table  XXXIII  that  size  of  orchard  has  a  direct 
bearing  on  the  yield  per  acre.  The  number  of  trees  per  acire  remained 
practically  constant.  The  large  yields  per  acre  on  the  smaJl  orchards 
may  be  accounted  for,  in  part,  by  the  better  care  which  they  receive, 
since  a  grower  naturally  can  attend  to,  more  details  with  a  five-acre 
orchard  than  with  one  of  twenty. 

The  different  systems  of  orchard  management  as  r^ards  the  use  of 
mulch  crops  and  clean  cultivation  made  no  appreciable  difference  in  the 
yields.  However,  a  comparison  by  this  method  would  not  be  fair  in 
this  connection,  since  mulch  crops  have  not  been  in  use  long  enough 
to  affect  the  average  yield  when  these  records  were  taken.  It  may 
be  said  that  the  use  of  mulch  crops  apparently  has  not  decreased  the 
yield,  while  continued  intensive  clean  cultivation  with  no  addition  of 
humus  has  decreased  it.    Orchards  regularly  manured  showed  a  jieid 
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much  above  the  average.    Systematic  thinning  also  increases  the 
yield  of  marketable  fruit. 

^  The  drop  or  cull  apples  are  not  counted  in  the  yields.  Generally 
speaking,  these  are  as  yet  practicaUy  waste  in  Colorado.  A  few  are 
hauled  to  vinegar  factories,  some  are  made  into  cider,  some  fed  to 
stock,  but  the  great  bulk  of  cull  fruit  is  not  marketed  in  any  way  and 
thus  can  not  be  credited  to  the  orchard.  By  systematic  thinning, 
spraying,  etc.,  this  unmarketable  fruit  is  reduced  to  a  minimum; 
indeed  is  almost  entirely  eliminated  by  a  few  of  the  more  careful 
growers. 

MARKETING. 

The  apples  are  marketed  usually  in  three  grades,  namely,  '*  Extra 
fancy,"  "Fancy,"  and  '^Choice"  or  'T"  grade.  In  Montrose 
Coimty,  however,  there  is  a  tendency  to  make  a  jumble  pack. 

At  the  time  of  this  study  the  fruit  was  marketed  largely  through 
selling  organizations,  cooperative  and  otherwise.  The  growers  con- 
tract with  these  organizations  and  agree  to  allow  them  to  handle 
their  fruit,  either  at  a  fixed  cost  per  box  or  on  commission.  The 
usual  custom  with  cooperative  seUing  organizations  has  been  to 
handle  the  fruit  at  a  cost  of  10  cents  per  box.  Growers  often  mar- 
ket their  own  fruit,  but  to  do  this  they  have  to  follow  it  up,  and 
serious  difficulties  are  often  encountered. 

MATERULS  AND  FIXED  COSTS. 

The  expenses  other  than  labor  may  be  grouped  into  '*  fixed  costs" 
and  material  costs.  (See  Table  XXXIV.)  The  fixed  costs  include 
taxes,  water  rent,  insurance,  interest,  and  depreciation,  while  the  mate- 
rial costs  include  boxes,  nails,  paper,  labels,  lime-sulphur,  lead  arsenate, 
and  all  other  spray  materials.  There  is  also  the  cost  or  value  of  manure 
charged  to  the  orchard,  which  is  a  material  cost.  Included  among 
cash  costs  is  the  spray  rig  hire.  This  refers  only  to  the  rig  itself,  as  all 
man  and  horse  labor  is  charged  elsewhere.  It  is  necessary  for  this 
cost  to  appear,  since  24.5  per  cent  of  the  men  in  Mesa,  i6.4  per 
cent  in  Delta,  and  6.6  per  cent  in  Montrose  hire  spraying  done, 
and  the  cost  of  the  spraying  equipment  is  not  charged  in  the  depre- 
ciation charges  which  appear.  Therefore,  the  cost  of  hiring  these 
rigs  at  45  cents  per  hour  for  the  use  of  the  rig  alone  is  distributed 
over  all  the  records. 
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Table  XXXP^.-- Material  and  fixed  coeU  (125  raruhee,  weeUm  Colorado). 


Mesa  (276). 

DelU(294). 

Montrose  (272). 

Aneaamam 

Item. 

Cost 
acre. 

Cost 

Cost 
acre. 

Cost 

Cost 
acre. 

Cost 

Cast 
per 
•ere. 

Out 

Box  shook,  St  12i  cents 

Nails 

634.38 
LIO 
1.10 
L37 

8.80 

iai2so 

.0040 
.0040 
.0060 

.0188 

I36i75 
L18 
3L08 
L47 

.24 

L84 

5.68 

6.38 

.57 

.67 

8.30 

L84 

.42 

5a  21 

599 
5.40 

iai250 
.0040 
.0069 
.0060 

.0006 

.0068 

.0103 
.0217 
.0019 
.0023 
.0112 
.0063 
.0014 
.1708 

.0204 
.0184 

634.00 
LOO 
L77 
L36 

L30 

.68 

8.98 
a35 
.40 
.19 
2.56 
L33 
.36 
S&14 

7.79 
3.90 

lauGO 

.0040 
.0066 

.0060 

.0044 

.0026 

.0146 

:0015 
.0007 
.0094 
.0049 
.0013 
.1292 

.0286 
.0143 

t3B.m 
1.14 
1.63 
L42 

L75 

.97 

7.96 

&27 

.68 

.96 

3.97 

1.82 

.57 

53.29 

7.39 
4.57 

fans 

Paper 

.Ml 

LabSs 

Lime  sulphur,  at  33  cents  per 
gsUon 

m 

Tobacco  extract,  at  910(6  per 
pint 

m 

Lead  arsenate,  at  10  cents  per 
pmmd . .  ...  a 

12.02 

8.57 

.91 

1.61 

523 

1.96 

.83 

6a  18 

9.01 
8.75 

.0437 
.0129 
.0083 
.0069 
.0190 
.0070 
.0030 
.2187 

.0328 
.0136 

^ 

Manm«,  at  61.60  per  too 

Gasolene,  at  30  cents  per  gallon . 
Cash  machine  hire 

.«« 

Taxes 

.ttff 

Water  rent 

Tnf*iTance 

.on 

Interest 

.IM 

Depredation  and  upkeep  of 
equipment 

Pa^dng-house  annual  upkeep. . 

.on 

Total 

14a  76 

.612 

123.97 

.422 

102L06 

.375 

127.91 

.4m 

The  depreciation  on  equipment,  together  with  the  upkeep  and 
interest  on  the  equipment,  was  arrived  at  by  estimates  of  giow^s  on 
the  length  of  life  of  the  equipment,  which  varies  according  to  llie 
tool  used  and  whether  it  is  housed  or  not.  The  equipment  diaigo 
per  acre  of  apple  orchard  is  figured  in  the  following  way: 

Pereent. 

Interest 8 

Depreciation U 

Taxes 1 

Repairs 5 

Annual  charge 1 25 

In  order  to  get  a  comparable  figure  for  the  equipment  investmeDt 
per  acre  of  bearing  apples,  the  following  method  was  used: 

Value  of  apple  orchard  per  farm  divided  by  land  and  improveoment 
investment  per  farm  equals  percentage  of  value  of  land  investxneot 
which  apple  orchard  represents.  This  percentage  multiplied  by  equip- 
ment investinent  per  farm  equals  equipment  mvestment  |>er  ordiard. 

Equipment  investment  per  orchard  multiplied  by  25  per  c«it 
equals  annual  equipment  charge  per  orchard. 

Annual  equipment  charge  per  orchard  divided  by  average 
orchard  equals  annual  equipment  charge  per  acre. 

On  most  of  the  ranches  studied  there  is  some  building  erected  ( 
cially  for  apples.  This  may  be  either  a  packing  shed  or  cellar  for  tem- 
porary storage.  A  few  growers  have  expensive  packing  houses,  but 
the  majority  are  simple  frame  structures  erected  at  a  small  cost 
In  many  cases  these  sheds  are  a  part  of  the  bam,  and  may  be  used 
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for  other  purposes,  in  which  case  only  the  proportionate  share  of  the 
vahie  is  charged  to  the  orchard.  The  investments  in  such  buildings 
range  from  $25  to  $3,000,  but  very  few  have  packing  houses  or  cellars 
costing  $1,000  or  over.  It  was  found  that  the  growers  of  Mesa  have 
an  investment  of  $25  per  acre  for  buildings  of  this  kind;  those  of 
Delta,  $36  per  acre,  and  those  of  Montrose,  $26  per  acre.  The 
annual  charge  on  these  apple  buildings  is,  according  to  estimates,  15 
per  cent,  divided  about  as  follows: 

Percent. 

Interest 8 

Depreciation 3 

Repairs 3 

Taxes 1 

Total 15 

There  is,  then,  an  annual  charge  of  $3.75  per  acre  in  Mesa,  $5.40 
per  acre  in  Delta,  and  $3.90  per  acre  in  Montrose  for  buildings  or 
cellars  directly  connected  with  handling  the  apples. 

In  figuring  cash  or  material  costs,  the  following  factors  are  con- 
sidered: 

Box  shooks,  ready  to  be  made  up,  at  12}  cents. 

Nails,  at  $4  per  keg  (5d).    Allow  one  keg  to  1,000  boxes,  or  10.004  per  box. 

Paper: 

Mesa  County — 50  pounds  of  sides,  at  7  J  cents  pound  per  950  boxes,  or  $0,004  per 

box. 
Delta  County — 64  pounds  of  sides,  at  7  cents,  and  34  pounds  of  ends  at  7  cents, 

for  1,000  boxes,  or  $0.0069  per  box. 
Montrose  County — 60  pounds  of  sides  at  7  cents,  and  32)  pounds  of  ends  at  7  cents, 
for  1,000  boxes,  or  $0.0065  per  box. 
Labels  put  on  by  the  association  at  one-half  cent  per  box  or  by  owners  at  one-third 

cent  and  labor  of  applying. 
Lime  sulphur  (1-10  solution  used)  at  $11.50  per  barrel,  or  23  cents  per  gallon. 
Tobacco  extract  at  $12.50  per  gallon,  or  $1.56  per  pint,  used  1}  pints  to  200  gallons  of 

water. 
Paste  form  arsenate  of  lead  generally  used;  8  pounds  in  Mesa,  8.02  pounds  in  Delta, 

and  10.22  poimds  in  Montrose  to  200  gallons  of  water.    Average  cost  per  poimd, 

$0.10. 
Manure,  2.38  tons  per  acre  in  Mesa,  4.25  tons  in  Delta,  and  4.23  tons  in  Montrose,  at 

$1.50  per  ton. 
Gasoline,  average  1  pint  per  horsepower  per  hour;  spray  rigs  average  2)  horsepower; 

14.6  engine-hours  in  Mesa,  9.11  in  Delta,  and  6.39  in  Montrose,  or  4-.56  gallons  in 

Mesa,  2.85  gallons  in  Delta,  and  1.99  gallons  in  Montrose,  at  20  cents  per  gallon. 
Spray  rig  hire:  Figures  for  the  use  of  rig  alone,  at  45  cents  per  hour,  using  average 

engine-hours  per  acre  for  each  county  and  distributing  over  all  records. 
Water  tax  figured  from  average  annual,  rent  or  cost  of  maintenance  per  acre. 
Taxes:  Percentage  total  investment  bearing  orchard  represents  multiplied  by  taxes 

per  farm  divided  by  average  size  orchard  equals  tax  per  acre. 
Insurance:  Percentage  total  investment  bearing  orchard  represents  multiplied  by 

insurance  divided  by  average  size  orchard  equals  insurance  per  acre. 
Equipment  charge  fully  explained  above. 

Packing  house:  15  per  cent  annual  chaige  for  interest,  upkeep,  depreciation,  etc. 
Interest:  Value  of  apple  orchard  per  acre  multiplied  by  8  per  cent  interest. 
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SUMMARY  OF  ALL  COSTS. 


In  Table  XXXV  is  given  a  sununary  of  all  costs,  including  eveiy 
item  of  expense  chargeable  to  the  orchards  on  all  records.* 

Table  XXXV. — Svsmmary  of  all  costs. 


Item. 

Mesa. 

Delta. 

Montroie. 

AO 

Total  labor  cost  per  acre 

$116.01 
140.76 

$109.99 
123.97 

$106waD 
102.05 

$111.  S 

Total  material  and  fl  xwi  wwt  per  acr« 

127.11 

Total  all  costs  per  acre 

256.77 

233.96 

206.35 

2Ml79 

Total  labor  onst  pw  box ,  , 

.423 
.512 

.373 
.422 

.392 
.S75 

.3M 

Total  material  and  fl«wi  cnpt  per  bo* 

.490 

Total  all  costs  per  box 

.935 

.796 

.7»7 

.an 

This,  it  should  be  borne  in  mind,  is  the  average  cost  of  all  records 
figured  on  the  acre  basis  and  giving  all  an  equal  weight.  Care  was 
taken  to  include  every  item,  and  the  figures  obtained  may  be 
considered  as  fairly  accurate  averages  for  the  region.  The  com- 
paratively high  cost  in  Mesa  County  is  due  primarily  to  the  mcme 
intensive  system  practiced  there  and  to  the  fact  that  the  investment 
per  acre  in  bearing  orchard  is  considerably  greater  in  Mesa  than  in 
the  other  coimties.  The  cost,  therefore,  of  producing  a  box  of 
apples  in  the  Grand  Valley  is  greater  on  the  average  than  in  Delta 
or  Montrose  Counties.  When  all  of  the  125  records  are  considered 
it  was  found  that  the  cost  was  $0,844  per  box,  which,  for  aU  practical 
purposes,  may  be  said  to  be  the  average  annual  cost  per  box  of  pro- 
ducing apples  in  western  Colorado. 

1  No  account  is  taken  of  smudging,  which  is  not  a  regular  practioe,  nor  of  credit  ftr  the  mulA  crop  lakM 
off  as  hay,  which  credit  at  the  time  the  records  were  taken  would  about  balance  tbB  cost  U  taking  St  ofi, 
which  was  not  a  practice. 
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